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cl~Al.:_ColIncIoIYT·' ,.,.., v.cn. Thocdao.a.. = dIlleR. I"IGlulqll'C'" 121t dlbe90TB 
coIIocb:d by N:f rrom 2007 .. lOlD. in 2008 _ obMncd for IJ6 doyt, poodY<ioo.c. """. of 1423h d dIU 
(II m fur lIw; 1"101b; bind only).""'" doily.-. d 10.!lb d~. r_ ""=. l08Sh weft' 
deYotrd .. . mdel' wi". (IUb by9~ 1 ) <:ftI/ft'Od"" a dcclU\ation '" ·n,' 1, whi~ I7n......., ~ to. 
280dq' suipe ('-5 h by 4~ ~) "'""=<I JllIw; oeIetIill C>qUO!Ilr. We di3wos.:lllrCel of rllliotic.al and .y_tIc 
""i ... calibmion. ,.,1e1COpO paimin" ODd.s.to .. lecdDII, Out of 1260 SIII'Ve)' houn and 1024 del<aon pcr 
'''''y. 81 6 h onoI S113 effecllve <ictect"'" ",main ,fie, doll .. Icctioo far llIi, f..,q ... ncy bmd, yielding I 38% 
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will be 0AJIicd II> fu\W'e .... po ond dolo "'lea .... 
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o.w "'" PIlI t_ .......... prcrisioa ....... mnenu II "'" 
~~ Mit>uwo ... 8ICkgro<ond (CMB) III .... led 1(1 """..t . 
IbIe IOC!-.- in our Kndemandi", '" COI""'Joay. Comhircd 
... ill! o:ho>' oboctvaIi_ lhey h .... produced ~ OD 
rnodr:lr. of tho Univcne 10 """""" IeYellCCUf1ICy (C,I .. Ko-
1I'Il~ 'It Ill. (lOll ». Primary e M 8 aniMllropy I\u been mea-
lured LO <:<J&rnk van...,., P""';';"" by WMA" up to IIIII.lli _ 
po~d.ppn>.i",*",1y 500 (LuJoon '" 01. 2011). ~Iiono; 
M ftr>er "",,,1M IClleo (FriedrJw1 n .1. 2009; Relctwdl eI II. 
20091>.&: Vc:nt:tioni .. aI. 2«19; K., .. kr ", . L 2009: Sievers 
eI at. 2009: Sharp eu! 2010: Shirokofl' ... . 1. 20 II ; na. till. 
2011b; ReicIIanlt '" t.L lOl l ), ~"IID 1M do.mpi .. 
JC&Ie d .... anioouopies. _ Jed 10 IOfttI IiJhIu ~
leO' -.uaiw. which ... id:Iproo .... willi CKlI DOW ......... 
AddilionaUy. CMB .........".,., II .....u.....",Iw .. oleo 
""' Ia.an.e 10 _ COIIIribution of poiaI ..u=>. .. 1Iic:Io help 
\0 ......c:aI u.. _ at -'y pLuieo Of oai ... pIlI<Iic: ..... 
cIei (VIriro '" III. 2010; Marriqc .. 01. 1(1111), .. !lie ..... 
mal s....)'aI;'t-Zd·dovic:II (SZ) cIfe<:~ wbi<:. _ """"* lode-
p:r>dErlI...-- ... _~ Jm.' • (S...,.. ol 
7..,1' .. " . ... 1970; MMNge .. .oJ. 20111>; SdIpI <t oJ. 2011; 
PIIndc CoIlobontion VllJ 2011; Reicbardl eI II. 2(12), """ 
10 pIVitationaIlcmift, cffecu 011 !be CMB (Scljol; 1996; Zal· 
doni.I&fI <l Seljak 1999: Ducc.1. 20110; Sherwin eI al. 2011 ). 
Tbo AtIoe: ...... Cosmology Teleo<:ope (ACT) II "", .. od I . 
22'$7'3~"S, 67"~7'13"W "" Cerro Toe<> .. on olli_ Qr 
'200 m In ,he A~.ma De.en ofnonhom 0Ii1e. 'ta "",In pur_ 
""It I .... 10 map 111. ntilliml'ler ........ sky 01 "",minute tulci. 
.. mpUnl m""ipoic< IIp to I '" 111" _ do;u;x:m.. and .hate-
L<rili", f"""ll'<lUndo. iJIohlding pW.y du-.s thro.l&h their 
S2 aiF~ _ nliUirnecer pluieI. 
1Icc __ 1IJl1I ond 2011. ACT wu oquipped willi the 
Mijli .... '"I<f BoIornetric ...... y Comen (.\4BAC~ wbich ()b. 
.......",.Ii-'-"Y ialllr=t.ada: I~SOlU. 2ISGH. -.I 
mOtb.. TIM:: ba<\f; ....... dIooeIo 1O....,,;.;l1llO\i<l< .... lIOIp11oric 
ani .............. 10 umpIe IIrrII! SZ ........ --. .... u ... ;". 
<ntIItOI. FMlI bMd load I __ cd lei of opcia and._ 
la' .... y ... ,--, of lOlA I"'P-"P 'ffiS t... .., (Beaf"'" 
ct .... 2OOl) .... pIed to !he optical oipaI. ailed '1M ___ 
00<t, ""'''' 12 "dorI: deunon.' which wen: not cwpIed 10 !he 
oky. Ib*'-iIl ..... !he msu..- _ Swm .. oI. {lOI I ). 
S~ i l'$l ~ (II> ~ 23, 1WI, til< .d ... .". 11&1; 
hod fo:ar obseI'fll'll ___ pn><l>ciJIg men IharI 90111 of 
dII&. Hen: .... delo<ribe Ibo 11 TIl of daI.t _ &I 1430Hz in 
2008, bc:ludina Ihe ItChniq .... used f<lf du.& c...,.,teriwiml. 
., .... 11 "" Ihe WUI f1!doo;on proceM u.oo to obIaio Ihc final 
"",po. Tho 218GH~ .nd 217 Glb. data will be deocribcd in I 
II .... ",per. Howeoer. I .imilar do .. re<illClion pipeli ... i. U>ed 
10 &naly"" lhe full daLuet. 
tho l1li", obIaillCld from Iheo:e do .. """" III onauw "'101 .... 
,;.". ot 1.31' (Hi,.,u .. 01 , 2OW)..:I ........ kwtL III.: ran"" 
bct ..... ) ~ ond .so"K-artmin. Tho ~on of .... 4111 
10 WMAP 10 lb:uMOd ill Hop ... ct aI. (2011). Tho: poMI 
opectnun of!he IOIapII iI ,",UUlIoA! ilo _~ ct II. {101D)-=I 
0.. et aL (XlII " ), wlIIt ~"I: ........u ...... _ 









_w~ 9~~ , • ' "0 
-
It ... 10.1. ,~ " 
.,., 
'.(l4ot/. '-'doll. '-'qJ' 
..... -. 1.1 .... '.' J..l<lq/t' u,",,' ~~- I ' ".., ,,~ 10 .. . 
rnoIoJicoI ponmetea in Dunkley .. aI. (2(11 1). au"er do--
ICCtioroa .~ Iheio SZ sip ...... .,., ~ by Hi,.,u 
et.L (20ID) and Matriqe .. IL (2(11111), .. hile eJltraplactio: 
_ dctec!ion! IK """" ill Marriqoo et II. (2(11 I .). Multi-
-..,..,,"" folLowup b- d...,,, <lnlm i, .. "*'*'" ia Mct.a-
l<::1li .. 01. (2010) .... "w .. LIoe dix:oYcr}o I ,....;.e <b;cer II 
•• 0.117, (M~ .. II. 2012. EL 000<l0), n.;. coomo-
1oaicaI ....,.....,. io dion>ued i . Sd>&Il" aL (2011 ). ~ 
6 .. dmct deIo:lic>o oJ ~1IIIooIo11m&inI 0I~ """"""'"-ve 
bKt:&mund ..... ..- ...... me. "'''4'' In Doo et 01. (20111). 
lbiJ iD tum 1Ie~ for lilt first ti .... !hal mictowave bIcI<,,,,,,,,,, cIala Oft IhciJ "..... r . .... coomoIo,;e. witlr .. Ie-
""1enlinJ .. ....,.,on (Sherwin ct.1. 2011). 
"Ibis paper i , OfINliztd .. follows. A """mar}' Df ()b. 
IItrvatiOO1 i< liven u. Section 2. In Section ) .... pn>Yi1le 
_.""''''' for undmIudina'~ _y ,,;anol .. r<'<;<)tded iD t~ lime--ordered dati. wum (1'00). In Sec:tionf " , lnd 6 
reopectively. -NC cbarxterize III< olrnOoIphoric, deLeclOr lnd 
I~ noise fOIl"" in tile TOO. Dab. CI~ brt.,;.". inlO 
uni .. of ok)' \empcDl\l'" IIIIctuariono, .rrCWll , il do8cribed in 
ScctiOD 7. SIl<tioOD 8 .....,rilla!he poidinJ IOIulion. .. hi", 
Section 9 ei[IIaiI>o!he ~ ~m. " .. _ ....... 1IIIion 
InOtIood. o.u...,1ectiOD i. <bc:.ibc;d;o s..:OOoo 10. ptOrid • 
in& filial _isIlcs 011 11M! __ 01 daI.t '*'" roo- MUi .. dIo: 
..... n. .......... ""_itdilcuoac:dimSa:ciooo II. We 
c:o>..:"""" i. Section 12.,., pcoeM ........ by .... p MlIllmlf)'Df 
~dIa pipeI~ from raw_lO ...... Appcndil A ~
fI.tbct _Is abooc Ii..m, .,., """"""III = '-' IIIOCb 
.... ~-
nu .-per ~ tbo p.d,I;c re,"- of dIo: .-
thrtou&h Ibt NASA', UMBOA oib:." 
~ 0 8SERVAnONS 
ACT ot.erves lilt 51<)0 I»' .,anniog 111< tclcocope in uimutJr 
at. <:QnSl .... elevation of ~~S .. the 011 mo ... ICfOOIlIIt 
fi" ld of " ..... in time, ","ullin, in •• ri"",",aped oboerva· 
lioro....... Witll thi$ "'"" &tllie&)', lilt i""""menl ()boo: ...... 
Ihl'O"ih • coostIDt Ilk ..... , the ~ ",main ""'k. I~ 
CCIescope'11hape re ....... """ ..... ,. and !he kJo:ol "".~ 
and inwumenllllofl"_..., ..... pIod In.~ WlY. ~ 
Ii .... OJIIIIanI! Dfthe ~ Wp:!her .. itll onrcblulicid Iioc> 
...... 6rnit lilt"""" opa:d Iftd........,...;l """,lorIIioft. 1lllk I p.a I ...........,. of the KIll ~ '*'" i. III __ 
Tho Icower ac:a:1enIioa iarrnduoecI i ll 2O)S _ .-10 re, 
doote ..; ......... in .... opbcs ( _ _ dtlaiIf '" 16). 
~oboemrOons l/'e ' ''I n 1. < .. >pI<....,wy......t .... 
i,",lIh M&Iet 10 capture boIh risio& and xuln& stica. 1lIis 
~Iink"" IO<:Ionique belpl miJrimi", '1""mIIi< dfccts due 
10 lilt..,.., ill lilt mapmaki,.. .."..,.. and I.>po,,", me detet· 
n\inIIiooI of eMS ~ JWalkllO It. Ie .. din:aion. 
" ",-,-~ ............... 
Il8ch dc_ It W11pkd II. rtle of 391,72 H. and tho 
<Iota 1I • .aon:d in ISominut.1on& data fil .... Tboy .. then 
.....,...: with tho rat of tho ~pi.., daIa. which in-
clldo tho ~mulh uoI elevation onwo.Io:r.-li"", IllllIinoc 
01 dIy. Tbo douo are COOIOPO t ed 10 ono-thlnl of their~· 
naI sir.e tor -.. ....... __ a.lpF ' .. aIaOriM 
(SUM~u 11. ...... TOO ........... ill Fi.- I roo. oI&!ot 
with JIIOd ......... iI ' , .. tMt po«1pitaIo1l _ 
... _ (PWV) ..,..,.;.,j bebw I -. no. PWV 10 • JIIOd 
....... of 141 GtI£ ~ II1II-.11 o:toa..,..a;ry. 
o.p; .. _ •• ' t ' ,. _ tho _ doooo 10 ....... ioo 
__ Oftd _ oi_ • t)'pial.,. of + ...... .. 
.... _ .. ~ TIo& aM . .,.. .. __ ...,clod; 11"1-
fI'1 do) bof""" ~rouctolYl ..... ofdwo"''''' 
no. <Z). ! qdo: bcpI"",," 11:00 .. !boo ....... "" 
to! Ii ... """ ~ fill' 9.l1lowl, toO 1M MBAC _ c:cIoI by 
"""- 20:30. At 10:010. ...-.up .00.a ..... ta fill' tho ..... 
wI'*" ___ """ _ • l(U() tho __ ... bIOIod 
.., the: ItoI dooocIort:olitnliuo ...... __ OIlCOined (_ '7. 1~ 
T!oc ~...-!. 21:00 • ....ally br"""'''' drool .... 
I ...... y. ~ 2:JO_dtta:IorUl~bnotiooo ...... ~fOI-
Ioc:IedIllll ttw:teU _ oIolled IOthe _10 ......... the_ 
tqjarotlw_~oboesodwbolo""" ~ .. 
i ... _hoo .. oddi ....... at. ...ftoo> ............ MlfIIy 
ponpooa;.o.; .. doe ........ 01 ... 1Ncopc fail ..... MBIIC would 
be po;oYoa _ foooo tho S- .. ito ........ Obac>o. "=_ 
...uy toIdrd __ 111-.«1,.-1)'1...., rItt:I __ obooe 
.... c .. " At !boo po;o.. ..... do!oe<:Ior Il ..... 
~""~"".' .. __ .. I10,....pooi· 
.......... .,.,10_ .......... W-doo!dwo. II ~ 
01 the Ml' _.'"""" pi-. io: _ --'ly""'" etW)I 
.... ..po .. UIIib< ' . _Ioaom -tl.. 'Y1IiI _ 




T"aUI1 0 ....... .- ............... _ ... __ to> 1.'1iHI). 
-




. ·57"t,.~t) (201""'.1"))'") m ,m 
, , WJ/01o< 
-
•. :!." :I.:!.')oO, .tu"l,", ,"or) 00 
'" '1bOoI ___ _ 
_ r-________________ --, 
-
I 
N.:I._ lliooosma oDcrori .. tho rwv duoiq !he: 2001 ..... 
-. _ ..... .."iIl "" oM ,,_ ~~
("""Jt)to.ciIiIy. no. __ 100.019 .... 
oot '*- .-y .... 10 oi&IoI to ....... podlO<ioC 1 PIP ill ... 
001,.. AD oftloe ~ IiIuocI obooe __ ... • ... 
.... could be pcrf..- , ..... , . 
ntlOO8 ..... btpn ... Aupot 11 .... atdaI ... o..::..m. 
bor 24. willi I ...... 011 J6 .... _ aiptt_ 1204 ..... with 
....,.,...,0.1 ....... _ motIrisc ioo 1423 "'*' ODd 2'1.7 111 
of ......... lOrall ...... f" .. ='iea. Froaottw: ...... -.-..,j 
IIiAIa. , ...... Irood bod -"or eooocti ..... IoMrc 1:20 oicbIo 
,,(iIt uoabk ......,. oboes 'K· c. nt ~ Cl ....... Iinoc 
OItld",). iII<bIirc city ..... _ <W~ The IMdiaa !'W" 
duriac ~ ......... -. meaMItaI 01 ....... 01 
Il1o AIICaInII hlhfi ....... lilpori_ (APf'.lC) facility (c.o-
tt II. 2006). .... 0.49 nn. Gi_ tbot tho ...cr Ii .. il ... 
I~ .......... II-. tho APEX oi ... __ • ~ '--
PWV ~ .. o.U rwv ..... 10 CIIinutc the PWV • !be ACT 
__ A.-2.."..1 ........ of .... rwv ........ _ 
l. SIGNAL PROPER1lES 
I. thiJ oca;.., _ ..........u. tt. apeckd TOO .;pal 
r .... poioot ........ """ C°","",",...-. lOr ~ ta 
tho IaOidono """ .)'Itcmatlc: Il0l .. deocribood Iller ill Sco::tJo.. S 
• 
.... 
For "'" ~ we .... u doliD< I .,..... _ .. MY oil-
;ea willi ......... ~ ~ to .. onaaIlor lhon Ih< 
beano oizeof ....... .....,.., 1'1:00 -. r..u·wi<lII .. half-.· 
, ...... (I'WK.\4), , " ,. is 1 ~37 for I48GHz. P\an<ts ...... 
__ ;2IpOIIAfIl polrII ~ .. Iboir iliA!> ....r_ 1Iri,-
mala Ihmo ...dill for boIII __ ond _ .-....... 
.......... DiItanI pIaUes c:u ako be: eppr»ima!rd .. poifII 
~ ad oro hetpM (or .... poillliQa oolutiOll. 
Iv. .... Ie ............. .wIIho .... y..,....,. oi", .. deoccwr 
tnII:'CO t zi" ... 011 1M &ky. samplinc .... poi'" """"'" ~ 
time .. ;.".....,.. wi!b !be beam. Tho ........... cI timcli poi ... 
_ "WWJ dc:perW "" the oc:an period, lh< beam AzI: IJId 
.... -..J ..... lrill'l.llh. A poinIlOUI'OO ~ .. I __ 
siorI 01 "blip'- it! .......... _ ..... no.",- of!heoe "bIiJl5' 
iI • dice """""" .... "'"'*"'Pc poino """"'" I'uDeOoa lind de-
pcndI .""" the ......... ~ _ tho ..w..- of the 
beam mel Ih< IocMlon r:tf die -. Tho...".Ior.(Wd of 
Lho".,." 011 .... oky i , Jiven by ~ _ v_ ... (SO~S). The 2CJ08 
ocan ~ of._. 1 ~'" imp!;" """"".y opeed of 
57~2/ •. A.....,,'na. O" ....... ·liU -.. ol~ oridth 




This means that the conuit..tiool r""" point"""""'" 10 .... 
'IOO illi mited 10 frtquenc\eI belo ... 18Hz, os can be:-.. 
in FiIU"" l. 
a;.." OW tICal> ~ DOmina! de .... lion. sky ",,",ion aod 
.. mp/i.' ..... ~ e~!X'd nearly 10 wnpl,,*po:r tam on tho 
.yIll148011 •. 
3.2. rw.1IIhJ $tJurnt, 
lJoinl CMR limuillionl we ron e'~nIIl<: the Cll'""te<l TOO 
IUpOnOco l<> .. tended . ky r .. wra. Allt'roaJna ,ho pow .. "poe_ 
u .. r""" m.l<Iy lUCk .ynlhetic TODs. '"" can ..eiml'e d~ 
e MB pow., IpeClnlm in TOO apxc:. PillR J"""""" the av_ 
""'P po_ SpIlCU\IJO 04'1 limulatod 148 GH. ot... .... ti01l of 
I"" eMS oky and ,'''' l vu.&C dHl POWU IJ!<"'1nIm tmm 0"" 
Ij· minlllC file. ROCAuk of Silk dampin,. the CMS hAl . .. I· 
lIi""l~ oIwp cut"" In i~ charKlcriSlic Ml.:: unlike !be poi'" 
1OUm: obocrvatiotu £hown In the figw.. the CMB ha$ link 
oianalll frcqucncic. hiahcr than 10 Hz. 
Oi ...... AC1"1 ..,gular scan apcaI. the TOO frequency ...... 




wben: the fKIor of2 in tho dm;)mi __ hum coru.id--
m .. t.h&t ,he ItlJUlAt ..,lIe" ,he oil.: d . poxili"" or rq ... 
Ii"" tempcntw. buo:njt. whkh .. halt 0" ..... veknjlb W lho: 
Iky. Gi_ thAt "",JUlIO" """""'" t ~I_ 10 anau" teak 
II t ,:,,,, /9, f<ll' ""olea ,mall """'pweoi 10 the "'II $kyo till tip. 
~imate toINer>itIn Ixtwecn mukipole _ TOO ftequOl'IC)' 
t""~. 2~frot, . (l) 
---,--- Y_COI(SO!'S) 
NO\e. Nt thi ... latinA is QIlly' ..... 01 LhIImb: the IOt ... 1 
.... PIIi .. olTOD fn:qumcy i .. o ••. tdpole "*"" depend< (m 
dle opccific 1CIII1ItIIqy. Thi. ~JaD<. ........ that IIho CMU 
_ opetINm i, Ib:: TOO '*' Ix .. rl<d '" f~ by 
~II& tho ICIII ....... As.. ,ef ...... ~ tho lOO fI"""ll, 
~I\IIO t _ 3000 _ 1.9 Hz in the 200II -. 
flo, )~ -.... II'<'C'I'l of ~&mI< ill the 200II __ aompand '" 
"'" data. The IOlid ~ io "'" ........ -"' ~ from 731 
II¥<"""""" TOOo from <XI< IJ....,,~ 1411 OKz _ file. <!uri", 
_ tk PWV ..... OJ """, Tho n.. ot knl'fmqu<!l<.iooo ia If><"" 
alIIIribut .. from "'" ~ Tho dU>cd ~ ot-. LIoe oi .... 
01_ eMS ,lpaI. Tho OO<~_. i. "'" _~ CMB oipal 
.... ~.., .. .-.oed r-a II loarmoD::s<iftJoo..,.. rr.q.....".. The 
Ooo·<IasIoo4 <Un'< "'IM'''' "'" poi'" """"'" oonLributiooo (~ 
1",0lIl, _ bit II LIoe ...... _I ","_. u.u..i .. beono, Ilo< 
roiIlpOri-. .... <hi. '""' thick -... """"'" ""'"' Lhe ";>«1<4 re-
_ foil 21&OH, ud lnOIlz. wiIh boom 01",. <ifl:00ond 0:91 
""'IJ'>'Ii .. I,. The anqo~tudo <if"'" poW """'""" "'""" opt«r1. ~ 
I]I<II'Ido '" _.; ...... 1, tho ....... 01 Sat""'. 
4. ATMOSPIUlRlC EMISSION 
~ llno~ is I strona .mitter and absortoe:t II ~ 
bind< of In~R'$l. <hidy due 10 ,he cxduotion of lhe vibro· 
tioruJ and mllLionll rroodao of ... 1<1"....,.... For this "'aoon. 
1M PWV is """"Iy "",", .. ted 10 !11~ level 0( opIicoi 10ILd-
ing QIl lho: det<dors, no., Almc.phori< Tnn,noi .. ion II l>1i-
crowa ... (ATM) rnodc:l (Ponlo e! aI. 2(01) p""';de& on esti-
mate of lhe Iooding .. I fLLtdiOll of tho! PWV level. AI tho! 
mrdion value 0( 0.49 nono dwing the 2Q(J! oboervationo. the 
Loooding is appro.im ... l~ O.5pW. which.."....,.]>OIIi:h to ~n 
<qulw.1en! RayleigI>-Jcollllemper1i.\W'e 0( 6.4 K 11 the """" 
Ina! cLew.tiOlL 
Ourin.a the -. the modi.., ,unospberic Ietnptt&ILIn! 
dritLover I.l-DLinu~~wuO.22K (Ray!ciab Ie.t.noo 
equiw.ltlll "Dill .. ~ by MBAC). with lower and lip. 
per <]UIItil .. II 0.10 K or.! 0,4) K "'apeclively. 
Tuthlltna: irodo.ca • spatial """'tun: in 1M lI""""""ric 
lip!. Accordl ... 10 !hi! KoimogofO¥ model of II .. llulencc 
Ollankii 1961). Lbc ~ ope<:Wm of tho ftLlClLllliono in I 
lotJe :HIirnrnsional """""" if; poopottl(llllllO ,,",". where 
" .. the ...... lIIlmbtr. Tho: ~ lip observed '"' the 
1ky "In loa ... el1hcr I ,,-"II okptMtJlce. If the ....... Io:ngtb 
if; iIrLIIl ...:lIiIh that lhe _Ie""" .... be _ ao LIne 
<;t.: 'm;@oulI.GoI,,-':· ............. if!be_lor\g!IL;sllrle 
0... ud M ... MMin& 
oompIIiOd '" doe lhidAeso of Ilk _pheric layer "'PI"':tiq 
....,1~rbookDI...,,;,:..,{OIoolrlIIM; Loy & I~ '2>llO). 
, 
Fi...,., 4 -. v.MIpIa of !be otmoop!xric ia 
TOO p<-. spe<1J&. npn: 40 display> tile _ TOO 
~..,...,.... rm.. lOur poupo of d:ooa ..... wid> II>< .m-
IDDpC nat ~r-~ ~l- Whoa ......... .. 
the t.e .......... III<: p<>Wft ..... .-.. 1M _ ............. 1-
iJaaoos in f~ by""""'" lib: _ ~ ot tbc 
IQII fr.qIIaq ItM ...... tbc apec:rru .... Ikfcn ~ tbc 
_ spccn fmnI d;ff ....... obo;c, 'obom (doll liks). ...... 
"'I"C""U" opcctr\Im r ..... \he doIt..... , ......... butacd 
1O~!he _pheric Ii ..... (rom illMlmelll.Ol 1//..,,; .... 
TOO. '","" binnod ... fullCtim of die PWV \t;to:1 ........,."j 
by APEX obiB& Ibo: period '" dMI ocquisitioG. II ill oar 
bow "" """""""" ",pal_ willo PWV, obilti"llhe knee 
~~~. On !he ocb:t" band. !be p:>WU 
II., irKn <IlI)'O __ ....... !be l-di ...... ·iooal rqi ... 
, ....... Tht--. ""'"""' 'J'«"I"Um r""", .... dark ~ iI 
oIoown fa WI........... 11 i, __ by ...., tlImnal Sue-
........... of !he cry<roIII. The &0:1 .... !be ~_ ..... ..,.,.... 
_ opotG'II'" ......... hi ...... !ban ...., ........ ill Ibo r .... 
qurnt)' r-.,e bctwun che ....... ud lOHzis....,,.,..._ 01 tilt 
...,...,.. ~ __ oed ___ Thio indic:aI<s .... lIIe 
1// pI .. .-.... domioaleo ....... !be Itnupl ... ic pM 
dttec:tu- ""' .. ;., .... f'""IUC"tY ... ~ Tho knee ~
~from 110 'Hl fot ..... _ ~(111...., 
"'CII:bu condirioooL 
The.kportvn: from I poue _ law --.. ill 1'"". .... jm. 
pIieJ tI"" tbc __ IIW i..x.. __ willi f~. By fit-
tint p: .......... in &mall fiequency -. """'" .. duhod 
" .... it, Fil_ ... ____ able 10 meaoure 1IIi1 ......... "q ond 
.,..,.. tho ~ .. II'uD<tioo or I.heir power opec\nII1I 
llopca III  __ "'" ~ Wel'aund tha, f..- ,;milar 
PWV rondjcjcvK !be oIopeI~ .. "W'1 sipi6canLly, willi if>. 
dica; ran,;", ~ \lie l-<liroenolonal ond 3-4i~ 
"'p .... l, .. _ in I'IJure -41>. I...ow freq.....ae.. .. hic~ ... 
rWted 10 '-II' .., ..... ill !he okJ, ore dominafcd by tho l-
dimenoio;oW "'&iDE, with. _ Ia .... indo>: of appnl>.immly 
Q .. -H. AI f~ lJOOnd llU the __ "P<>"'JUlII 
'rum oomc ~ (bl"" doa ill fi,. 411) follow. &teepOI 
polWer to ....... UOllinllll .... ondtr <:crain ~ conditiooo. 
Ihe 3-6mcJWona1 "&i~ domil\lle& ......... maller_ 
T1Io aIopeJ IotId 10 inm:ax "';!h wiDC! opotd. Hisher wind 
~ on: (lpo<ltd W ""if! Ia"", foaturel of 1M IWhlIenI 
""nern lOWordi hi' ..... TOO frcqllCl>cieo. AI \argc OCIlla on: 
dominued by IlIo t.di~ ~-. lbi.. """,Id """'" IlIo 
oppooi:c ~ft"ecI of I"IOI,Iucina !he JlOpeS .. bi ~I>er tr..qu.""ioII. iD 
conilUction"';!h "h.alil obllUYCd. Thi. tt4\1h "'&&1I$1I1ho1 
hither wind< mipl he QlOCIatcd with in";"'", prOpOrtits of 
tho IwbulCl\l I.~ ... IlICh 1.111 width ot heiJh~ produci",. 
>Io<:pc: ~Iaw (Church 1995: Loy.t. HII~ 2000). 
AImt>jpherie $trucl""'" I ...... than 24' -die ~.Id of view 
of. dot""" .... y_ oppel/"" I CQIl"III>OIl modo " """'lI tit-
IOCIOtI, whik ""lIl.,. rCl~ can produco oub·om~ "corre-
llted rmde.:· 16<klCrlbcci in AppoDC!h A. Given tIulI the: di, · 
~ 10 1M twtulcm lIyeo b rornrn(llll~ I ... !han I kilancter 
(Rob"", .. 11. 2002~ II 1>«""",. out of focu" """';n. out 
10 lell .. of nearly 10', lit """,mrnl with ,,"r optiool oJ",u_ 
wi"",. Thb «II'"Ie\.pQOds to rou"d~ • Ihird of lho ""Y "ilL. 
Then. &I",n Iho lCan ...-:t. IlICh ";11\11, IJlIItttIt Ircq ... ""i.-
,,"1"'«11 2 <II 311z in the TOD. In 1Cf\CI'lI. tile: CO<nnIOn Il'IO(Io 
of lhe d.~ b. good <Sli"",,,,, of IlIo oI""",pt>c:ri<: .. ~-
I\Il bul tN: ""imm 0"" In prin<;iple be: imprQV«l by dlvidin, 






...... _ ... _-- - _._- - --
I -~ 
+tlt 1l 
\ \ • + f 
... ~. 
.' • 
Ft<> . • . _ Almlophori< 0;"' ....... il TOO ""'"'" _ (0) AY. 
....... to:-> I!I<'ClnI fur """ """"" ol __ q TOo. tckaaI by PWV _. Tbc~. _ opeclnIIIl from lbedarlo: <It«I<:IorI 
.... _ r""" '""'" """" """"" opocInI1II and is iIIoom fur 
"""""';I0Il. TIle _ ~_ .-. • _ 10 .. ft' '" <OclI ..,... 
Wnl. The Iqaod ~ .... meu PWVOIIII .... pow!:>"· ] .... loda 
frnro til< ill. 10< __ i.<>pritbmic ~ ..... ""'" "'..-
til< oooioo!a tbe plot. (\» -... 10 .. _ .... functioo olfrequoacy 
(0< ,lie 0V<np _1!I<'ClnI frnro m....1J"OI'PO (\>Iuo (. ). gr«o ( I ) 
ouo.I "'" ( a )) at __ oeleclOd b~ lh<ir pow!:>" 10 .. iode. at 
fuq .. rrieo _ '" the knI>e, oJJ bolonfi ... '" lbe lbitd PWV ",. 
IocIed """" II (.~ I'.a:h .. 1 ........ """ioe<! b)' filli"1 • p<l'O"O( Ia ... 
'" tho ~i ... _ 'l'<'<"""' II • SIUlIIi"eq""""l' nn", (in 
1o",,1hmi< opoa:): the li>Ied 1i"eq0<tlci« .... tbe..,. ... I ... of tho 
.1Oad""" ll"O<jUI:"'" _. The M<If bon >how tbe <Ii .......... 01 
tho io<kJI .. from the.".."bert of _ IJOOI'. The ...... i • ....". ... 




tot ""'n' VALU ' .". f"' """AL ."" "ro'Im "'" ""'01:1'011 ."D 
..... tufAL " .,mom _ "" . ..... AT "'0 "eoua>oev 
•• -. • ..,. .... .;.,v''''l _ ... ,w 11 ~oou <:W co .. euno 
~Ol". THO "",n ." 5</1""V..,. .~~ ..... ",U . 0. Clotl 
... veT\"T1O~I. 
c:: 
~_Io:S )gIr.. .. __ .. _ ........ ,_ 
alltmp!I to do;u:cr rohen:nI II'IOIic)n1 of llmotphoric ,~ 
""""" tile....,.. as .wid "P(IOU in I IIIO\'i.,. flOY<en-stwI 
modol aflbe llIrtIulcfll _)0". ~ not I_'~L IMIeId. ... 
a/pp<aI !be IlmDIpIIlri< IIOiot by .-.I""" fot .... ....,."w 
"'''.Jop. ... ic modet in the ~ .... strum <lIri"l1ho mopmakiJta 
~ ... dioawcd iIIlll. 
,. SYSfE.\t SENSm Vrn': UNCQRRIlLATI!D NOISE 
Al>o<e tile ...--.. knoo r........".. !he 1"00 il dori-
..-I by ~"""".u.c. Dl,1IObe If •• ,.._ .. 
tiled,. auo.1DII Jadl;aJI~ IDII it _--'11y """"'_ 
",1IIed ."""" deIcaoB. AfII!r"~ tbo ....... Iucd 
modet from !be IImOOplIete """ l)'SlmliltiCI ( .... SccUco. 6 
_ ~ A). .hil ..... c:u be IDCUUftId by ~'" 
tbe lOD """"",,.,..:mol denJily {PSD) ....... 1he dotiR>CI .... 
0(& .. 1"....-
TIle .... ..,...;,m,y of doe ..,.,., Qpre$IoI'ld .. 1M ..... 
cqui ...... ~(1'Io1l1}.l.p.a.by 
[~ j-" HErr .. _ ?;~ (.) 
......., NET, is tile NET of eocb wortiD& deIector. ThuI. tho. 
,ypicaI _.,. P" ~ Q/> be defi...,j .. 1fflT". • 
NET _,fR;;., w",,", N., iI tbo IlIIJ1Ibor of !he -.lI"ctti",,- .so. 
-. ,,""lined in flO. 
TabIc 3 Iistt the .yp;c.J valla of 1ho 10l.0I'''''' -. NUT 
for • mid-frcquMCy ran&< (5·20 Hx) """ • hi"'.fteq ...... y 
....,. (1 00-I20Hz),·ilI oquinlua. "'"'~ omitf for CMS 
ft...wationc. UncenaiAri ........... tile ~ ."""'" 1'· 
_Ie roDs. The .0 .. il>CfeUO .. hiper fr<quencieo il 
driven by ;,>1rin,ic propertico: of ,be bolDmelUJ. U de.ocribcd 
in Marrl",. (2006). ZIuoo CI .1. (2008) ond Niemod; et al. 
(2008). ~ver, 00. ,ilnal boInd illimilc:d 10 below 3OH. b~ 
the Ielescopo 0<2JI Ipcc<l and the beam .b.., (_ I'i",~ 3). 
Thw;. t3c mid-frequomcy ~JC' i, the beJ1 C$timllle of u.. in_ 
OINmen\ oenoiUvily. 
A. j,ven in Tab~ 4, the !Jipi",,! "';oc """~ p..- dt~tor 
i. 0.62 ± O,Cl4mK' •. The 00lJ1 n<>i!e can pri""';ly be "'PI' 
rtied into in·_ <kI«wf """', aJiuod 00":101 and readou! 
noioe. and photon ooi.o, III of which ..;11 in quodra!\l~. 
To .e:luce!be effecuof ""SO aJioaifl& the dt~lO<J .... ft", 
.. mpled .. IS.!5 kHz. tIIen . diJiW fQw. po~ autterM:l:th 
Iow-pg; fil!« witb • cU!Off f""l~ of 122 Hz iI opp!i(d, 
and fi .. Uy lhe dill. an! rMlIIIplld ... 398.12 Hz. The deteocot 
I>Oi.\e bondwidth i. limiled 10 8 kHz b~ a 700 nH Ind"""" In 
"""'" ... i!h _h T1:S. 
To dl:lamine lhe .trecta of opIicallc.dina and aJiasina . .... 
perfO<rllCd • darilleSI in wbich .... opcnecI u.. CfJOIUIl. pUl a 
TABLE' 
No, .. ro""IOlI...,.1ON ,u"" •• r . 
10. __ ..... 0.)(1"0,10 
An.......... 0 l7"a,OI 0p;a.L.......... 0.1J 
ToItoL~I_ 
4 K (rrdcctiw:) <:OYer " .... " lhe dtleClOn. IIId roll«:led dw. II 
..... riay of sampliq ........ The!ypical ""SO \eYel m the dut 
.... O.46±0.!4mK' .. whcte ,he un.cenalnry'-" the cIi .. 
pcnion...,.,.,,~ 1be unilO .... equivaien!1II the ""'" 
In Table 3, Akr ftlli"ll the noise •• functimof wnplina fro· 
~,Iho I ... tt.ndclelccl<lf ...... )'iclded O.lO±O. IOmK'. 
ftnd the I(tlII aJiaoed ..... rootributioll. _ O. 17±0.0II InK' .. 
1be .... iI .. l", aJillSi", from tub deteaor and rndoc 
.... 
1be rndod _ il domi!llted by SQUID DOi .. mel 
p<eUl'Ijliifin...,;.e. 1'Wly ........... the ....".. noise is .... -
1MIOCi00 be...,..... 1.2 x 10"" mlC'. (t..cd on 50MHz _ • 
...... ........ ). wbi<:ll. .... ~ 00 i~by """"Iy. faotot 
400 .... ....ped_1I 15kHz. h:IChi ... ",O.MmK' .. llIe 
SQI.1ID DOi~ 1IIiui", "'" IianificaMly mkIotd in ...... 
2010 by ~'" the .-bit t.AcIwiddI. 1'IIWoi all this 
..... DDlllidenliod.. _ COli_IbM oIigltdy ...,... dIIIo half 0( 
the IOIaiIIiucd ..... COIIIriIluboD is _ drtec:IOr ...... 
...aDdo is """"'_ ";!Il !Ilo de!...:Cor aoise; Illiasia, onaJ)'OiI 
~ in NiomKt (200II). llIe <tibet t..If is SQUID lIOioe. 
1be do<\ ...... alto ~ _ the opcicaI Jo.Iin& """. 
~O.I'mK'.of,**",DOi ... B~  ......... 
rainn powQ' 0("'" <Icw:IOn II dilfcreat IlmOOpbt:ric CtOfIdi· 
rioM IlIfou&Iooott 1M """-- ODd C<tnIf'IrlnIIhcm 10 !he ..... 
ration p<l'O'ef'" !he daR. ..., found IhllIhe oplicalloodins i • 
2.24 pW wilen die PWV if; 0 ...... Thi!1o.liD1 if;domlnIICtd 
by opillo¥co-CGIIIri ........... emiIoiOII L'mm opbco -Sdry ~ 
tphcn cmiooion. The 'l'illooer lXIIlIriburioll ..... R><Ioc<d by 
O.16pW ... _ 2010 by .&Iift& I bal'ftUI.& otnl<:tIUe ~ 
die ~ mim)o-, In \be ...... _yo _ IIeIc:rmioed _ 
_ in tile tln>O$pI>on! <X>oIribu1Cl IIIOtIIer 0.7 pW Imm of 
Jo.din .. 110 In nomi.oal Mnditionl (PWV _ 0.49 mm) the I(tlII 
optlcaJ 1oAdi", " 2.S9pW. This ron;ribu\CI to Ihe noi .... 
pMIon noi .. :: for I fully ~~ roupU"I to boIh 
poIIriwi<N, lho ..,;.,. in W'lito of JII"O'ft' ~ per .,.jt frr· 
quc""Y •• Ji...." b~ 
'" 
who .. h •• l'I.nck', COIIOWU, ". 149.2±3,5GH.z II the 
""ntrl.! rrrq~y'>, ~,, _ 18.4 GH~ il til< bmlwidLb, and 
P. 2.'9 pW ~ lho powe:r ot.:nbcd by lhe deteclOr (Zmuidzl. 
..... 2IJ(3). Tho fi .. rell'llin the eqLWion con-espond. 10 plio-
1011 oM! ""' .. while the oocond I .. m con-..pot:Kb 10 ooi .. 
from pboIon • .mvi", in t..u>oho •• II i. upecitd for tll<nn.ol 
nodiatiQn wben tho OCQJpllilln number il hilh. nu, Ieadt; 10 
• phooon NEP of 3.0 x lo-I1W/ v'R'i. "' ..... ply 0.17mK'. 
III e MB tomp ..... '"'' un'll. in qreemenl wilh our l1li:......,. 
~ .. 
"1100_,->,,," • ...,. ...... '. a ........ 
14tund Map Making , 
FlO, '~ ToIoI omoy ~I!T du"nl the 2008 ......,. i . <he mid-
rreq_oy:tog< ('·20111) r,.- loI8GII .. The val ... are JI'<I'.IP"d 
ia d.y. and .... ""'"' bon are "'" ............ ...,,_ wilhia ...m 
doy. The PWV i • • 11" plOIUd ro.. reforeJl<O (<lashed line). Val .... 
..,otlftntOdlO CMS oqui •• 1eJtt uni ... IkfO.H""'lj)Uri". the .. n~­
~.iIy. ";chlln\llU-«lIIUlIOCI _. four row-«lm'lllOll n>o:J<l<~ r"", 
oolumn~"'" mOO<o, and <he =i<IuoI _I"" mode> with ,",~. 
... "nt,lar ... uoo W,", mm¥Od(_ Appendi. A ro..douil» . 1,... 
IIOioe imp'o"""""" .m Sq'IIembct 24 oarnc from l\I<BIJIa; orr..,.,., 
oocilloti". dtleclon, wOich -..- coowniao/ .... "",,,,bora. 
Table 4 .how. a ",mmary of the differ=! uno"""lated 
rooise C<lIIlritllUions thll detem>i"" tho .y ........ nsitivity. 
Ftg"'" 5 show. tho rnear> !'IOU I>otI¥CeI1 5 ar>d 20Hz for , II 
dOl. fi~ in the 2(X)S.......,.,. Tlti. is the total noi .. v.'hich 
goe. ir.to the """'" and can be reduced ollly by in<felllling tho 
oboervation time. Noi .. arimm. from the IIIIpJ con be found 
i. Matri"V' .. 'al. (20110) and Du ... 1. (2011 b). 
6. SYSTEMATIC NOISE 
In oddi~on to tho a"no.phcric ODd random 1IOUe •• tho ..... 
\estill .. "",I i. conlamillMM by .. venI .y.tematic noise 
"""""'" The irnporWU one ..... tIIerrnaJ drift of the cryn-
st. t. mechanical accelerations whkh cooplc both optically 
..-.J thermally (by causing dete<:lOr ternpcrll"'" o..,illations). 
elcctromognctie pickup and mngnotic pickup. All of these 
efJect.s cause zern-Iog com:lI:tions .mong <!iff"", .. detco;tor-
TOO.. or con be din:ctJy mc •• UIW uing the dar\; do"",_ 
ten. Detec1ors .... distribntcd in 32 ~coIolIllU~ and 33 '"row.:' 
who .. tho last row ""lUi .. the dar\; deuIctc:n. EaclI column 
shareo tile...,.,. tim ... ""'ltipexed SQUID .. adout circuit (de 
Korte et . 1, 2003) within which each row is ... 0<1 >imultane-
ously. Th"", the<e is ooc: dar\; deteaor per n:adou1 circuit, 
....... ing to 8sseM .ystellllUic lIOi .. from it Mon:<wer. the high 
""""Ada""y of live dotccton """"" the array can 11-'<1 be u...:i 
0> ...... systematic effecta (see Append" A). 
6.1. TIle""", Drift 
The C""""t .,gnol. from the boJornel<:n .... amplified in 
1000000UID "';e, array' (SA) operated at 3 K (S ... etz et al. 
2011). Slow temperat .... change, in the SAJI produce slow 
drifts in !he TOO.. During the fint 10 boon of the riglt. 
the SA temperal .... drifts down by 2S0mK. and ri .... up by 
I SOmK in the 10" 2 boll ... In t"""" of equivalent.<ky temper-
om .... at 1411 Gil" this """,,,pond!; .., • drift of nuriy 4 Kin 
signll. III freqll<r>Cy """""" the drift imp""", a 1/ f signature 
Oft die Jata. w~ic~ meet< the deu:clor nui ... level", a lnoe 
of nearly J liz. Despite .mall difference. in the ~ ...... of 
diffi:Jenl SA aropliJien;. most Of thit. .ignal oppe£r1'" • com_ 
mon mode to al l the detectors. A. die """piing <IC<:\n " tho 
n:adow circuit. this sisna/ i. llK> presem in the dar\; "'tecton, 
simplifying its idontificatioo and <'lVentu.oJ nmovaL 
In most """"'" this .ignal i. &ubdominam to die almClOphore 
signal. but when the pwy .. low eJ\Ollglt the tberm.1 drift 
bc=mes compembly .igrrificant. Thi. i. not evident in Figure 
4.1irK:e the e.ample, of\ow-aunospheric power set averaged 
down ... he:> grouping .... ny TODs. 
In contrU~ drifts in d<tocto< tempenoture co .... 110 IlIClISl!f--
ohle dfeet heo ..... it is .. rvo-conIrolled to within Ie .. tIwt 
I mK error. 
6.2. M.,!loanlmJ A""'le"' ......... 
Mechanical acceleratiooi. occurriog mainly at die ocan 
turnaround. tan couple opIically and thef"lllllUy 10 die detector 
and ........ 1t in an wtde,i~ illst"""en(aI responte. The opIi-
cal coupUn, tan be produced by • mechanical motion of die 
detector COlpling Ia~., which il . 40IIm thid< .ilicon layer 
plac<d 100"m ...... y from the dete<:toni for optical illlpedan<:e 
matehing. Tho COlplint; efficiency i ..... iove to the di1tance 
between the COlpliog layer and die deteclOnl, so ,mall ",bn_ 
tio .. tan cauoe .ignificanl effects ... peciaUy at higho1 fre-
quency bonds where the """pling layer i. thinner and the"",,-
pling efficiency i. """" ... ,iti.., to cbongos in tho di_. 
The eff ... i. ll!o Wgcr nnr !he tenter of the deI«tor onay. 
presumably bocatl!e the coupling layer ~ibJala: in ito fondo_ 
mental mode. In the TOO_ vibmtions manif_ tilenaelve. 
as a oeries of .pikes vi,ible in the common mode ... die IIC.lll 
wmaround4. with """",ito 'igns for opposite ditectioo •• lcod-
ing to Uno. in the power spcc1T"Illi .. veral harmonic. of the 
scan freq",noy. In tho 1480Hz '"woterf.1I plot" of Figure 
6. die ,ibmtions c:onlri\ .. Jte 10 !he scan harmonic. and IC:IrIle 
""",nant lines at highe1 f""l"""""". The Iottu .... ll!o seen 
for sweobservatio ..... and theircentra] (""I""""i ...... _ 
ornong . 1I tIwe onay ...... " .. riog thal ""'y """"fX'I'Id to IW· 
u,,1i frequc""i .. of the whole system. To mitigate "'" mc:chall-
ical effect, the twI>lround oro:leration ""'" reduced from its 
wi ... in tIte 2007 seu;:on to the ... ine shown in 1ltb1e I af-
Iel' Octohet 8, 2008. The roupling I.yen fur 2180Hz and 
277 OHz wete ... moWld die. the 2008 oeaoon. 
"Thermal penurbatio ... of lite cryQow, revealed iD opectnl 
analYli. of the bath temperat""'. lls<> odd to the low m.qllM<Y 
..,an harmonics seen in Figurt 6. This effect iJ cohlmn_ 
ticpendent..-.J differ:! from Ih< coopting layer effect in IhaI 
Ih< lig .... 1 i. not stronger I t the cenlel' of Ibe onay, 
In g .... ral. high fn:quency spectral Ii ..... in the TOD from 
dlff""'nI ~t<)TS desttuctively interfe", when projccled into 
nup ~ mostly concoling om when JlllIIlY ob""l"3tions are 
combined. On thoothe. hand, low frc<l.tency Iwmorricsofthe 
SC8lI may prod""" JIOfl-""8ligible bar-like feant .... in the m..,. 
perpendicular .., dIe..,an direction. if not treatcd properly. 
6.3. £iutrornagn<ltic P~l:ap 
E1cctromagoetic pic:1up """pie' to the .....x...t drcni~ pr0-
ducing ~ariou, l ign'""", in the do"- The. , ,ip.l. ap_ 
pear com:latcd among subgroups of dotoctor TODs. pM_ 
tl<ol .. ly "mon8 doleCtorS from lb . ...... cohlmn or row. 





















































































































































































































































(Io) _ _ ~Jlkh,_ ... ...,., .... _ 
.• ---
, 
FJo. ' __ Con'dooioII_ b. " ._ dot; _otaiIIOd Dt<>o_7. 2OI1J. ,","»1 _ -..._codI_baod,lliIti", 
_ .. _ Id\ 0111>0..,.,..._ ....ru, 10 .... ~ __ (ldI-,» or """" (Ii"" poor"). no. ~ .n """"""" '""'" "" 
",..1IIio poniaolM'_ .......... ., ' nw!eqolil< pub .... (_ Sec. 10')). ",.1OtiiI 6.,di>1do1llo ll~ _(I<I'I~)", 
IOWJ (lip _10); Iho ___ Ibt ""lid ....... tdIoa _ -.y;",_ ol_ ddo<o!n ill ___ or _ Cd. ~ a~ 
TK....,..oc pi<tup oM ... ~ .1INl ___ "... ........ "'""'.., ~ ... _·1iI ...... ...., kif III<: r"""", ond 
.., ~eipt IIlIllC __ r", Iho \OlIo>' (_ ~ A). """"'II _" _ ...... 6""" (101~ ...... ql>llll)' rleW Q. 0-0111 
(Bq. 6). Tho _ -" -;,,.."r ..... <loll< ..,.,.._ -. renoo-I. wid> .. oImoooo I.,. _""'" 01 ~ """,1.00. ond • 
"""lit)' r"""" of Q. 0.0" , 
OWttpJ tluwgh lhe I!anlo'. mq.nctic field. Allhoup the oeon 
.. oJ_ uilflil'I .... thc oboerred oipal is chlcfty oill)">idil. 
whicb """ be .. pl. incd by eddy cum:1ll 1oaai and h)'SIerC-
... in "'" mOill<lic .kieldin,. "... "",netic si,nal ImplilUdo 
and p" ..... ..-. fo.irly 5labie 0Cf0 .. de1c;ton in II ... , ...... cul-
limn. ru! dilT., . ilJlific"n"y between column!. W. beli_ 
Lhe .. p/Ia<e rJ\if,...-. ,dlled to thc compie.il)' of SQUIOJ 
and ck<:tric,llOOp' ;n \he l)'SlCm. A I)'pical """,1i1Ude ol'lhi. 
'ipal is equivaltnL I<> ncariy T '" 7 mK in e MS u,",., 
As!hi< i • • n;adolli-,dottd oi"",!. it ~ be meu.red ... Inl 
!he d&rt dc1cc1Oll ond .. f1IQVed by fiu,,,, and .. btnctu., • 
olinuoold, M"""""" . tho IC&II fretjU<ncy i. ri,nificanlly below 
lhe "';.nc. band and !be rnlgne1ic pickup is hcui ly down-
" ci&h",d in tbe ~na. 
7. CALlBRA110N 
Our co lilntion tau.. Into IICOQUOllbe del"""" properri .. 
and clct:tronia; CAltltn and 101e>C<lpC Optic" and arompbe1ic 
coodiL;ona. II COIIIi .. of Lhree ''''pII, "... flnl adjlUU f'" van_ 
_llano in dctcaur """"'''"ity due to ohanain, ar""",~ 
" 
\oIOdlnf: Md ~ 1lJ*itJ. NeQ, ~  
pi_ ........ is .....- 10 OCOCJWII fur _"" .......... ill opIi_ 
cal C<ll.(lIina _ ..., CMIICI"l. FiMlIy. ' IIinP' ~
Iiaoo is ...... ied 10 alII"", '" O<CQMII r<xlho <MnlI I)'ite'" 
cfticiaq for ctksIloI OOIUUI.. 'Ibis ~ is oi.milar 10 
Iho .... __ i. S....u:.-(2(XlB). 
7. 1. Ct>IiJmuiDIo~"""" T_ 
n.. ";",Iy "';uj(w, ill ......... ric '-Ii", -' doily 
~ ~tinA -"Me • oebiaiiII& of !be dcletwn .. 
!be bqi"";q of _b ...,.,.'. ~ which aff..ru Iho 
daecIu .... ~ Addilionolly, lhII<lpO<ityoflhe_~ 
..;.. fmm iii"" I() ... hI. CIIanaa in ~ aM "I*'il)' 
IhrtJuabouIIbe ni,'"' prodI>ce lII>lIla ....u.ioou iIIlho '>"""" 
.... pon!e. 
fa onlu ID IItDDIIm for ,110 ........ iam In oy_ I'tSfI'I'UC 
bet....." IIipu.. I ra.poMi';iI)o wilnlim I. deli""'" (rom \lie 
.... Iyoi . 00 - V curYCllakcn durl", tho ni&f>lly reIliloinc. AD 
I - Y IUVC ilthe .. \atlooI ~ Iho DU!pUIOUrrcftl ~
<') of tho ~'I SQIJID re.IouI ci>nUlry 10 I slowly 
ftIII(ria. do:Io<\or bio .... "] .. (V~ fur "'" 148 OHL -. tho 
modi",. de.illion In ~.i'Y berwrrtI nWn .. _ 
by the ! -v"' ...... i, 3-0'lI0, 
A ",ctlIId tell, koown .. . bi .. 5Iep (Ni<maok ~). i. per-
formed Ih= times per ni&ht 10 deIecI ollangu In detcclor re.-
l.,or>Ii.ily lhrou&h lho ni&ht. This is oclUeved by .........tinl 
tho dot>C1Or ~ 10 I ocri .. of ."",U. "","",""""" pulllco 
oppllod LO Iho <ktc<:Ior bi .. ...,1.., Tho ~ivi"" • • on 
be obtai ...... by anaIyzinj 1bo dct«:Ior re&p<ll'lll'S to!lti& liJnal, 
lind .... round 10 be In qn>tnl<n, with rapu",jviti .. otninod 
rrom the / - V OIl""' l1li11 .... For ..... 148(lH~ Nnd. [he mo-
dian deviation in reI""",";!y ~r I nipl, ......... umi by Ihe 
bi.1 11q), i. 1,0'It, r"", man: infonnWon oboullho ACr deice· 
"'"" tho bl..;", I0Il11"" and respon,.;vi,y ..... Piwr (2009), 
llalrilltlll .. II. (2008). Swm <1 01. (2011) aM Zh&n .. II. 
(2008) '/bo tiIM deper>Clnleo l>IIlho ollnOfPlt<'ric CQnditiono 
.. ill be diocuOlcd below \Oielht1 "'lIIl11e overall ')'$1<'" .a li· 
... "'" 
1.2. 11_ IlItMpclIIM~' lI..klII", Dl:UCl(Jr Cflilb"""," 
Th d,lC~ 1M deIecIor1' ",loti .. pUt cocffioienrl, "'" 
UK tho 1"'1" oQrnmon·rnocIo o.IlJIlll'f"WiclOd b~ 1M ..nation< 
ill ltmeolplleric lxi.hI ...... Thil i$ analotool to • ftal· Ii< Id cll· 
itntiOll done willi ... optical ceo. For adI I~· mioute dill 
me ..... compute tho p in foetOr thot belt 6ts the <Ietcc1o< drift 
to the CQWU'JI(III mode drill The dilpOraitln <ll thif. flCliO' I'"'" 
<Ietenlt over tho w_ • ...qed o....r an ~on. is bener 
u- 2. rml ""the Iota OHu my. Thil intluclou!le variabil· 
ity 01 the tirn.o-dopondenl t;:aIitorlotion *p. Wo com;.ot fur Ihl$ 
by ltI..ttipl~m, ..,b det«Iot Ii ..... _ by iti eotn!'IX'""Ii .. 
pin f",,1Or. 
1.3. 0.."'" $)"'" CflilbffllitM 
Ad ~I 'yMem coUInciaI is eotablilhcd by _ 
_ (If Uti"",. " I com,*"" the paok ......- oflho 
inwurr.eot 1(1 tho I<-.. ~~"'" of U.....u (t&kina I..., oo:coum tho I'Ilio of U_· IIOIid lJIlIe. flu . 
0.23, :=c 0.010,..,. to tile oelucopo', IOIid l1<li10 .. I.SOIh. 
flICT • 21'.':t 1.$1ISt~ on _II coUbnlion 01 tho .YMeIll 
rcspc>IIM i$ oIItoinc<l The _;.DcaI tm)t 4erioed f_ 30 
......... menb i~ the lotaCHz bMd 10 1'1 •• while 1OIId .... 1e 
oncattintieo .. below I". The equ!Yaknt ibylei .... .IeanI 
tcmpent"'" of U ...... I, otainecl by ~'" 1M dWI 
hom GriffiD ol an"" ( 1991). in 0DIIIbi..m.. willi WMAP·7 
__ of the bri~ of Man; mel lilWllll (Wcdond 
oul. XIII ~ It l"itlds 103.5:t 6 K at 148 GHz. pro<IIIcitIa .60 .. 
..-nainty ill the ....... n tlIlibnlion. 
The ~ 1(1 oky tempenllUrc obo def>ends tin tho II· 
1II<lI(Iboric ......-...... N. i. ~imllCd with tho ATM 
model (l'onIo" aI. :lJJ(1l ~ which ...... PWV _1mItIIU 
from APEX ~ ro. tho ACT aile ODd 00.... ... _. 
opccific ~ When PWV....-.remenu .. _ .... 1· 
able. tho .......... ~ tnnwniosioo rr . 0 .976) i • .....:I. 
For tilt 1480Hz Mod, tho """ of tho 1nnm!i,..;.", ....... 1IIe 
2008 ........ was 2.J'l>. Gi_ m. '-Ie a\llowpl.,,, "-tiJI& 
can e.<ciIe non-U......nries in "'" <Ietcc1o< ...,.,.;vitia. .. ~ . 
II1i dq= or frocdom 10 aM:n 10 tho pIaI* 61 .. a fw><:tion of 
P'WV. producins • final ..""".,non '" tho calibration fxIor . 
The 0YmlI1 map calibnotioo is compared '" tho WMAP· 7 
yur map. by <:<>nclating multipob io \he ...... 0400 < t < 
ICOO, fiIO'ridinI.., IUlCMlinty of2'11o in oempctat"re Olo,ii .. 
dOl. 2011). ThIo 1Dliysil ,how. that the U"""'" calibration 
;10 fao:IOr <if. M. _!hut "'" WMAP ulilntion. wIticIt is 
wilbin tho .. pcat:d IlJIOenIinly. 
Puning all pieces ~. the ovuall "yA\em coJibralioo 
fOf 148 Gil. in the XIm IIOMOIl i. 
F'(w) E C Olp [(T. +~w w + r.(w - li'})j .. ,,0 .. ]. (7) 
wheno C . 19.41 KjpW io the "".talI calibnlion fao:tor. 6 .. 
10 tho _ 011 .ltilllde. 't. _ 0.0093 i, lbe''Wy opaocity.H 
r~ . 0.0190mm- 1 illlle......,. opIlCity:' r," 0,0138fl'1111-1 i$ 
lho the "'" t!q= of freedom .... i. IIIe PWV """,""",mco\ 
fmm APEX. """""ted for the Acr site in milliJn:l;= ard 
oil . O.44rnm 10 • pi"" PWV used in the fil Here T. and 't. 
are hed paramc:t<:fS obI.o;nod fl1lJ11 the ATM mxIol. wbile C 
and't. are f= pa .. "".tus. If r. i.lllowtd I<) V2r)'. we ~ .. r 
tho .. me .. I .. thai i. predicted by llIo ATM """"I (Hinola 
""',. 
L POINTIKO 
The poinlint oolution i. decomposed inl<) relariYe poinring 
btlWeed detectono and oto.olutc tooresight pointing. both of 
which .... dia:u .. 110.-0. 
8.1. R.I<oIi.., v,.,.""or _I", 
The ",IatiYe pointi", bttween detectors wu detmniood by 
mo:od<Ung tho belm in tho rime otream. of pIaott <obsen'alions. 
Tbil .... 1y:Ii. made UK of ",pmlimatcly 30 oboo:milion:l of 
Saturn lillie ikitrnOI CMS observing lhitude of .50~~. in lW<l 
Ill.inlUlll .....,..,. corresponding I<) tho rising and ..uiRJ of the 
.-. The tolacopc .......... nopid enough that ..,b ~ 
..mpla tho vicioily of IIIe pn.k feIP<l"SC' 10 . planol """""" 
Ii ..... in • Ii", .. otooc::rv.ion.. II i$ """ p::o$libk '" model tho 
beam p:*tion lJId IIIapc ill IWO 1pIIIiaI di ............. pn:oject 
this '" I detectu oigIal .... '" llIo tcleteopo tno:Oder inkwma· 
..... lind fit IIIe dot. im tho limo <Ionu.io. For simpticity. _ 
.... 2...timtnoionaIO ........... 1b< bearnmodcl Tho ~1(WO-
<ko<:e< ari ..... k md .kilUdo oIJ .... fOf eaob _Of rcllli .. 
10 tho 'o~ ~ """"""I" • • _II .............. of tile 
]1< .... ~ bcvII FWIL\I. ODd 0(IticaI time ......... .. 
Wbttt <OrnbiaintI dilf_ planet obst;"'lIiot .. _ 1inI 
aH.,...:I'- by lppIyiloa on o/bc!; o.lil ... tion 10 adI ODe. 
n.. poolliool of """" -... illakat .. \be _ ofthc pDOi-
~ from aU ~ af1e. ~ _lion. This (WO-
dIoc:cI relaQ .. dnoatIr pOoiIions rOf each ... y IItIl .. iD 1""'1 
_"""" with deoign expectatioos (fowler e{ aI. 2(07). A 
compori<On bot"""", the off ..... fo:r rising ar;:I KIting 00...",,-
!ions ("'hicb diff..- in wmurh by opproxirnatcly 95°) allows 
110 ';grj~canl rowioD Q< .... ar of the "",,y relative to "'" 10 · 
cal oUirude and azimuth OWl. Thi. C<II\SlJ1Ii .. the lill m "'" 
tcltscc"" azimuth .... i.to be .maller than I' and iDelicaw thaI 
rotation M the array with .. """" l(I azimuth i. ncgligibl<'. 
The uncertainty in the ""Iari~ pointing is 110 greater tha.~ 
1:'5 ror 011,11= ....... y .. Gi~n m.1Mge numberofdete:wr1 
in each "'"'y. thi. """'u u""""';oty ilIlhe relative dt'«:tor 
"",irio .. ornounlS to ... g~8ib\e contribution to the poitlting 
e:ror if. ,he final ma(lO. 
8.2 . .... /nQiute Bo .. sit,ht I'tJirll;ng 
The azimuth and allilllde of the telescope ..,codtt ~ngo 
mu<! be ""~tcd to ac<X>Unl for their offset rrom the true 
_.Ight (or each f",,!tIC"">" band. The """,,<:lion i. diff..-· 
em for each of m. four ~I C\lB ~on azimJlh!. 
namely the equamrial and SOUlhent "";1"" II rUing and set· 
6"8 "';emations. 
The ::<>meIioo i. obt..oiocd by projocting the doll from • ""'-
lieul .. baDel and orientation into. map (afler I"wing applied 
the ... lotive pointing solution dt>Cribed obo.e). and compar-
ing "'" pooltiono M the bright poim sou,e." tocotalogue pool. 
OMS. The "'''''bing offscu in equatorial coordinates .... oon-
vetted 10 offsets in "'" bo"'sigbt pOSirion, and this )l1'OC"dII"" 
is ilerl!Cd to ..... ure eon.ergence. The bore<iglu offset ....... 
by about I'over the seuoII. primarily in el ...... tion. 
The jomi rwU ooun:e or error in the off 001 <:<>rre<:tl"" comes 
f<Qm ellirnating the =troid positions of the poim """"'OJ in 
the III>p&. bef"", matching them to the catalog po.itio .... Thi. 
c:rtot solloi !nvenely with "'" OIl""" root of "'" nnmJm- of 
point""""'" .wilma., which w3I 20 for the 148 GH1. boIncI. 
ond wid! t!lei, oignaltonoir.t mrio. The ur>cettaimy WIS fOHDd 
to be Z"6 [or the sonthem .tripe and 5~'3 for the equal";ll 
","pe It 148 GH~. These values were obIained by odding in 
'fJodmnn! ~~ in the fit from the ri.ing and Jetting " .. ps. 
The telesoopll poi";ng lo .. pected to vary .Iigh~y dno to 
,herltl<! deformation of the mirror ~ 1biJI .. rillloo 
i ..... in"ned from oo...rvations of !;aruro tak!;n at ",,",Iy tho 
.. me uimuth ond altitude on differeru nigbIs. The rt1I'l poim-
i"ll variation of .uch """,,"vation. i. 4~'3. Si""" any pille! in 
m. finalllUSOIl map. tontai .. contribution. from many dif-
ferenl nigh". lhio random variation doeI """contribute .ignif· 
icamly to the pointing uncenaimy. 
Po;.,ting deviation • .,." ,,;gnifi<:antly higher at <llwn wllon 
tllo Lelescope Lempenl"'" begins to .twlge _ rapidly, 
showi", a u-end thai "'peaU evuy morning. The drift begin< 
neorly I bour after .wtrisc. """,hiog nearly 50" an how Ialet. 
Dato!>.ken mort than I hour after suorise.,." no! included in 
"'"-' On lOp of thi .. the altitude "' ... ~ to drift by obout 
"}fj' ov~r lhe coun;e of the 120 day seasoo. producing poi,rinK 
errors thai were """",Iated with right ucension. lb '''1Il0'''0 
tbil .... DeI. Iinw" conw;ions of O!'21day and O!' I Sfday W<m' 
appJied to the riling and setting field. re.pe<:ti~ly. n.... C<Jf'o 
"",lions lIa~ ~!lle effect on tho "....,. othe,!.ban to mnove the 
small, RA-dependtru pointing off .... 
The net pointing uIIC<nainty is tbu! domilUled by "" .~ 
Lemat;. uncertainty in the lIignmom of the tilling and setting 
map •• along with ",me residual ......ution d .. to Leroperarure-
depeadem mirror deformation. Comparing rh< "",itionl of 
bright point """""'" in the maps to their CILtJoa positions. 
we utimttc the pointi", uror in the final maps to be 4!'S. 
" 
with 110 preferred ";enll1ion (Muriag< et aI. 201Ia). Note 
thai thil uncemimy is much smallet than the beam sileo and 
would .aUK .rro~ of leM lhan I'l> in the measu~ ftu. for 
point800re ... 
9. DElFCTOR TIM ECONST"NTS 
A dote<:tor •• time response is limited by its electro-thermal 
p1':Iperti ••• We model their optical 8ICp teO"""", as In expco-
oential ~y with I time constant T. "finite rupo ... rimc 
...... 1t1 in a .mall shift in rh< opaIill pooition of I point IIOII-m:. 
The 'hift depend. "" the scan direction. In the fiu for the rel-
ative pointing solution described above, time con>1-ODts """" 
i""lnlled io!be beam model .. 0 >ingle·pole )ow.po .. filter 
in the time domain. The time ""_"'"'" _nn.:l with 
I pn:ei. ion or 5T ;:;: 0.5 mi. which is an npper bound to their 
dispemon from the analysis of 30 Sarum ot.snvarion .. Tho 
modi." time con"",,l of tho 148GHz amy is 1.9±0.2 .. 
(flO' ~ 83.8 ± 8.8Uz). with only. handful of dttoclorS .!Iow-
ing .... po"""" .lower than ~ ~ 10m, (j~. ". 15 Hz). For rom-
parison. Equalion3 impli •• tlw b 10' correspondOto 27 Hz. 
1(1. DATA SELECTION 
Dato .. le<:tion can bo divided into two lypes: dlta file ",Iec-
lion (an de"",lorS) and single-dctector TOD ""to. Th former 
detcntli .... o the nurobe.-of observing ~ whi le thelilw:rdt-
"'mti ..... the 1IIIIIIbt. of .. effecti .... dttectoro .. witbin each <lola 
fl\e. de~Red as the.urn of the fraction of the time lhM eadI 
dtttctor passed the <Wa .eiectioo: 
'~, N",·E ;:-, 
., -
(0' 
where li_ is the a .. iLWle time for de!cctor ; after <Wa Ie-
lection. and T .... i. lite tOlll time bet"", dall .. Jection. The 
number of amy-wide eff..:\ive detoc..".. can then be deft""" 
IS the ove"'ge of N ... over all the avail.!ba. dall ftJe.s in Ibc: 
- . The remaindo:r of \hi. 'ection """"",IS ,he dall selection 
methods and stati>tic. for """" two types of data cuts. 
10. l. lNl<C"" CIas.jficiU;OI1. 
The detocton; "'" .bullied in lh= 1""'[>1: 
• Live Detu:u.- Candidates: T1Iooo that have the poteQtial 
to bo......t fur map IfIIIking; 
• Dart Dettoctor O>ndidates: Thorie thol do no! couplcto 
m. <l<y (for eumple • broken pixel) but can bo ~ to 
diagoose .ys .. m.uics. Thi. i""I""'" tho .... '-t of the 
32 dark detect.".. which work prQperly and the .nb:set 
of defective detect"" wilb worI:ing _t circuit: 
• B~n Deteoton: n.o..: defeaive d<tcctt:n tiw con· 
1101 be u.ed to probe .ySICmatic effC<U. They i""lnIIe 
those formor I,ve and darlr detecton with defective 
_lcin:uito.and .Iowdttecton(,.- < 1Om$). Many 
of them mw;t bo turned off while obseTving lO pn:vent 
them from interfering willi other det""tor:<. 
Several method:! wen; n<ed to .lusify detect"" into th ... 
ClteSorie,. Thcoe in.elude asseuing <;<)JTe/ation with the limo-
spheric 'ignal (by far Ihe ~""l'ignal). &earthing fo< (:()fIOi.· 
temly oscillating detector>. and fiDeling biuing problemo. 
" .......... iq>ko,~....t....."..;. __ ., ;';"";fy oociIlotin& __ 
..... """" ~'w __ . 
" 
.... _n ............................... ... 
_.r I 
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l'oblc ~ ,1_ • "'rnn\lJ)' oIlbe numbof or _IOn In codo 
d the 111I00I J<OIIPl for _h amoy, 
()nco tho Ii .... and dOll delot:\Or eandidllles Il10,,,, bern ....,. 
rilbl • • ......... r 01 pofIibl6 paIh<>IoJk11 behaviors mar .iII 
juIIlry ,..".".i. pot! '" Lhc doll r""", the ,"",""iM piptHn.e. 
10,2 n.. ... rd, &IKriooo 
0uI of <be .,... .... mber d dIoa S.,. KqUIrecI, .... rejecI<d 
11.100 for \tIo IoIIoftif1a _lind ... Ibo follawi"l MIa: 
• filM Ill. ~ ID planet ......... 1ioM .-I \Idler 
u~bnriooo or eqi-""l ..-: 
• DIOII -. """" _ .- hoQw after 1UIIri.., 10""'" 
poI~ II1II beam ....... CItIKd by teleocopo deforma-
1i(1III1IO I, _ th ... naUy ~n.; 
• filM with fewer "' ... 400 .rrCdi .... -..... II they 
.,..,., mnaIdtred 11~111O tao I*hoIo&Icol; 
• RIId _her. I'WV "".Let than 3.0mm (nnonlillllm 
bcklw~); 
• !'oat ,,)<IIt.!k,...r-: I'leun.>r too: ltOafICn· 
..... __ 7 .. Kobooe_~ .. ~or 
.... it . ........ ..,... ..... I,d wlllIin l1li IJ."*-'c 
f~; 
• Poat C81i ..... If die .. 111M pill diopo..- vi !he 
J 'i .. ..,... dwo loto: 
• I)M& r. .. 1IictI ..... _lyIi. toft ... d.u.d. 
The AIOII _ 01 dMI availabk for ..tyoil i • ...-





--, 'm' 'w, 
--
'*. 
~ '- ,._- ....  (0.0'0' 
'---- ·u •• ( ..... , .. ~ , . ," !I.M) 
---










0.-. ... .no:.cd by opndic ....... i DepcUq 
.. l1li Wod of 1*1.......,. il .. y loa..,...., ID '*"" ._-
lion ...- _ fall ... "" d • dIoIcaoo TOO ,..,.. • p.... _ 
.~ 
n..: ...... "...... fu ItQe I*~ ... '1 ....... ~ 
01 .... mqntti< 8 .... 0( I $QUID ill .... ___ cin:_ (V •• 
iU/llllO); GCCMivc: dctcctor IIOI.c: caoduaul ...... from 0Id1-
Iali ... defeaon; ... oa;.i~ .~ pickup; ond me-
chanicll ODIlQImino6oft. .. blch con k ~kluy or thermally 
CO\lplod inlO tho .icnaL 
TlIe foJloIoiil\! "' ... """'" perf"",",,-, over "·mum'" dau. 
~_ 10 detect ...... potholot;;.".; 
• Drift ~II: Thi. rrota Iow.f~ doviotiono of • 
<Im<:torTOD from the Itmoopbaic 1oiJo.ll. TlIedau...., 
fi"t Iow.pua fillt:ml ~ 30mlh ..., .. ~bnlod bm 
lllliu <A power. .. <lncribod ill 11. 1"IIaI tho thtnnaI 
drift ill , .. , ....... to)' ... ",ojo:octio& boIb Ibe dar\ dttoc· 
lOr _ IIIOdo: ODd "'" ~ 1<:0 ..... _ 
ollbe dt_... RalIt)'. tho IiNWO*j>I.,,, Iival i ..... 
~ to)' dt·pro;oaina ..... 1Ii""""'_ .......... 
in Appc:dA A. n.c *i1\ cmor is deflood .. 
.... _dorioQooo of""'~"" ~iD 
1410Hz ... c:ut .. <OUIlien if their dr\tI ...-.;or is bi.Jbeo-
IhIn O.3SfW. 
• CtlnPIottiow 1Uf: The Drift IeS'I is =omplo_ to)' 
6ox11nc .... ...,."latiooo be' .. ..,n ,be ~ drift ODd 
array""""""" modo drift for TOO froq,o<iIOlcI bel"", 
j(1",H .. lkI«Ioa <hot <XifI'd .... 10 .. ""'" 98'1> ate .... 
"""'" .. 
• Mill",", Wj.....a. _ : s.- It. i"" IIIlIiaIr 
_ . , with """NOOiaJ ...... ,,; . .......... 
PlOUli II ~ 1:0:1, oat IU _ unt.. be-
low_ ~ bu!d..~ To IooIaIc pttho'oV'l o:Ioo:Iec-
IOn. ____ Aller tho da below..:l .-__ 
fr..:p ., .... _pro>jI:a tho 1m)' _ ..... (~ 
!lob..cl Map MW. 
" f.1I .. aI~ _<:JtouIo .... ....s.ddo.· oI .... rooId· 
..... wbicII .... call .... ,,<'Q j mtt. ~1On .... 
..... be .... e cheir ...... r,q ,o:,...oril_tM.l.~ 
Ii,.. ,be noaliuI val. rOO" .... dru Ale. 
• lIit1o~ ...,w 1UfJ: I\L f~ tbo ... 
3 H ..... dalollWl bei .. "",",mould by <kionor noi .... 
which I. <hiotny OMIMian. Non.o...ad..,ltIe. tbo ... 
Ibi. fnIquoll<")' .... I!iOIOdy cauocd by el«<r"Oft\lIlIOtk 
pidup. cond...;Ocd dcclr1eal noill& fir <>pIC>o ....... han.lc .. 
",,""IWtI"'l!. To iIol"e .... m. .... hl&h.pII' ft l, .. ,110 
.... below S H~ or.J Ihcn toil for "",,·O&uMilNItica by 
COIiIpUIifI, 1M II-.rd <billion. okcwneM ond ~_ 
Ii.. 1loi. io daM withi~ ...,..",. or Ihc TOD ar uno 
'"*I pcriad. willi • cllatKterilric: *'*'" at 10.2 .. U .. 
Iq 1110 uarWCIi11IOIion PfOPOHd by o· ~,,*;no " Be-
.... (1990). Ihc IMIrwo .,..;m rIeId I -....I ... 
lribuliooo ill dIIO __ at 0..;.., ooI6c. W"blctlil ...01. 
IIad for_oI ........ o.tlien .... kkootIliocIby.".. 
_ *' "'"""'" founo doe __ 0001)1...,..... oIdoe 
TOO .,;e noioc mi bwer dwI O.9rw _kept. 
• .sn... -.. Million .......... and U<odIIr _ Oft. .,., 
6ttocvd md aol atretIint .... Ii _ at w 1'00. 
ThllIo"'~:; · · ... a:d ........ Ii ... _md 
oeudUc for pIioao ill doc: ItMI poIWL 
• Gilltlt _ lk dru ...... oftt>r:oaI by 1fi"Q.~u 
~ r ... uuoplo ,....., coomic:..,... Spila Ioqcr 
IIun 10 Ii""" .... ooiJe ....... aoI.. 1nc:1udiftI1 0..,. 
buIT ...... ltbcr .... ~ ...... henc:>a"1WO MOdo ...... 
.... 0IId by .......... "..., n_bod 1OfNco-
...... all. If _ .... , 11 __ '" fOiOlid in ...... 
dn:o:Ioo TOO ............ _ ........., TOO II c-. 
• C.ti6 i 'II "", lUI: """'" 2001 + ...... 
,en ...,Ir+ . _OIIOIIIoolood .. tm .... 
W"iIIo ......... 01 ..,..w,. 4OO.u; -r:M . _ 
_ -1ooIizI& rar 1.3 __ Ax 1Ioetc, ......... 
eI-'7 J. 10 acioecI ........... _ " We_1oooIcd 
!Ir!n ........... "iJIidI .... ia "hWt 5. 
'" • ......,.a ..... If ....., ~ 2I)Wo d Iho. dneca TOO 
_101 lie ..... Ihao .... I'Ion daea<Jo TOO 10 ~ ....... 
tlort.... ... ..... odocIed ill ... _q,;.:. boll '-';/iocI 
way. Ii: doilCAllO, oni, filU dot<aarTOOcuu_ priomod. 
Tho. CIII criluio .... !he drift ....... 0I11oc dotk 1. • .. IIoc 
pin ,..;,~ IDf'CClIO IIoc dotk .......,., IftOIIclt OOKI !he ..ue 
m>l. .. I p...a in .... _ ...,;u. 
10.4. Dasa Sd~Clit". /tu>JlI 
~fIer lpp/yi", til ...... ~ a'itaiI p...a obove.. .... 
~....., .... _ 6 ............ for ..... ,., ....... 
..... ~ 01 dl"iOOIM ........... _,.) .19' U. Iloo 200II 
_iii IQOIh. The ........ ~io lIoca.ilrd .......... 
...... ditr ..... dlulilca.. 
TObIe , --.. • RIDiIIlf)' .-itIo tIoe liiIiibIo" 01 ........... in 
.... aI ... ~ oIoocaur IfIIlIII& b" .... I .... {lH~ ... " II 
.... a .. ,II< .... eoJnlribuliooo r""" ... eIJIoO "..;" .. Iooaioo. tri· 
""'"' '-;11. pin, noid-r~ ...... __ nn&. ......... .
...... "'""" t lOROlll. OOKI panitl alii ... '" """"" ...... 20'lIo or 
",..,.w·, _, __ "" __ _ 
.Ii ltoSco ....... __ of rio ..... __ 10 _ .,. ... 












!he TOO aa. Tho. booo::Im IiIoe 10 ..... ~ noombcr of d · 
roa;"" doeucIOn ill lilt _ . Pi,....,. 10 • ~ of 1M 
1 .... GH.t ..... , oIocowi .. doe r..moo. 0I1h&1i_ a.-tI de-
_il.roaot. Fi,....,9..."., .... <1011' iIUOIIberof_df.c· 
b"" I .... durioli "'" 2OOII_ ..... .,;e tIoe ...... 
~ .rdic:akd by" PWV • 
Oro lOP of doex ............ 1 rflotlioa 01 doe .. maioIidt;-
I ..... do.ori!lf !lie ~ roou-. .. dtacribed In !he 101· Iowi ... _ 
" 
!.CTColw.or.oon 
II. MAP MAKI:-;a 
11.1 . Mapp/lq ~:-.u/aJs 
1b !T,1le .... r""" ACT daIa. .... ""I~ (Of the be .. AiI "" 
liven 11M: IIOiIC in 1M dIta. In plllriculor, ..., 6l1li !he 01<)' IDaP 
lhaI "".im;"", X' &iwn ' mocItl 'Of 1M 0(IiIe, rrd I O>docl 
ror .. hot 1.hc dou. ...... 1<1 k>oI< lik., 
OJ 
Hen: . 1, tho f'II(Idol f",which .... ...;~ to ""~ M _boo 
how lb. data deptftd "" the modt~ on<! • iJ the p&Ific\Ilor ..,. 
IlIutlctl of the"';~ in the ACT d/ILl. Trodi1!"""Uy . • I. a 
_ whoeocomponMlUIC the 'ky map pixell ond M u; the 
poimins _ri,. In iU ";mplo .. 0<)11<.1 ... 1. lonn. eacb data 
poim IOCS 111",10 plxclln tho lYIAI'. 10 each row of M (CIIIf&. 
IIpOOIdi"l 10 I .;",1. dat. plMnt) has 1 ';lIIle I in !he ""I.mn 
~IIJ lOt"" map pixcl.t whkh il ..... polnled. H"",· 
.~. OUr modcl fOf the data. • . clll tonulin manyoonlribuliolU 
In lddili(ln LO the ""y map: CIlmponcnlJ include .~
t'IQi"., COI'r'el.olocl 'i .... li in the darl, polnt &<lUJtt ftuxeo, I,nd 
rnisoil\l (CUI) d.w. samplal IS diku.>llOd below, The nl8ppin, 
Fonnali.m .... <ily ,.n .... li~ LO rover m"l~plc compon<:nlJ" 
IonS II''''' d&I..I drpcDCI on them 11_ly: 
lob [M, M., ··.\t,. J. (10) 
[::] .. ., (I L) 
Wiltl u uri ...... rI the noise ctIYI:Mnce N . ( .. r). whic:b 
i •• ""- by ~ rnIIlriJ. ~::. 10'), ... wil/1 10 lind 
the mo;Itl ........... i....ou. the ~kClhood tunroo.. 
,. up [- j<d- "h )'"N""'(d -roW] , (l~) 
whefe d ;, ._ .... ini'" all thedataoampia. ~ .. a· 
dord U- 1wI·~ IOIWon il 
( I l) 
( 14 ) 
1b -. ACT dIIa, "'" .... tho ....,...w", """'" NiIIIwi 
told "'" "" !be ScineI 0cnenI Purpooc OaalCf (OPC) ( ........ 
..... 2tl10)_ ~ .... ""'oklq llaorithm fur !be nllpi ia mil 
..,... i. iInpn:md from IhII ulCd ill previow ~ (Fooo' .... 
.. ... 2.:1 10: Marrio&e" III. 2011t.b: O ... Jdey.,. al. lOll : DaI 
.,. ... 2011b: ~ .. III. 2011; Sd>pI .,. II. aliI) i. four 
woys: I) radll:.-thon 001';", ror~1lud 1IOi .. r ... · 
cludinf; 1I"""(lheoi< noise) e>lpIici~y . ........... """",,1IliorIe 
in !be ooioe ........ : 2) ~e>lplidlly 001", for ... dau (Ii,.. 
weam J:qIO): l) .... oubInct models fur "'" pol .. ~ 1ft 
.... ACr ".. diRl<:lly r""" o:k:te<:r« time -": ...... ) ... 
~ti_ !be noisIIlfief cn:a!i"l ... iniri.tl map 10 _ 
"~.indu<:I'd bias in !be lIOioe eolil!lilOOa. 
n", moppiq is done in I cylm.Jricll equal-1lU I"ojocrioo 
wid! a <WIdan:1 Latiudo of 6 ~ - S3" .5 told pi.<ds of Mt' " Mt'. 
""'ply one-doird of !be beom FWHM. 
11.2_ p"-p'""cwint 
In oddltion 10 doll ..,1cctioo, calibration ond pOintint, "'= 
~ 1 r .... Olhcr pre-p-oceo'ins uep< that ~ done 10 !be dola 
ber"", ool';na for the mopi. 
We "'".,.,.. !be medj"" of each deoecoor time SI1elJn fur 
oaoh IS·rnin"~ peri"'" _ ,ubtract a "ogle lI11Iy ..... ide •• 
..,."., tht ptrlod 110 that !be ends of !be time strearru rouply 
Ii ... up. W8 do thi. to roduce ringing ,u I'oori.r ltaJISforms 
..... 10 faci~t."' ourebiog rQr com:Jations """""8 the deoec-
ton. We ~.....rty interpolate 0Cl0Ii. _ in the data. ouch .. 
those aIi, ing from """.rue ray hi .. (.gain. 10 reduce Fourier 
anirocts: !he dala in Iht cU!1 ~ OIlIerwi.., no! UKd). W. do· 
ronvol"" !he ti~ IIreamS by the ontl·lli .. fiker- (deocribod rn 
f~) and .... det«tor time corutanlS (ofu< ........ in §9). 
N<x~ the non-oplicol rontaminatioo signals ore""""""" ..... 
ing !be dark dole<lOnI. lbi. i, done .. foil ...... : we take the 
time'll'eamIO from""" dark delecwrlnd oubIract . meo.n ..... 
lolopo. We then hiJb.pMI1 fil!<:r!be dark time "rams. fil -
tering QUI Ill)' .iallill be_ S fu. M05l of the ",maininl &il-
.. I ia in only • f ..... in<IepeMont modeI_ We tale those <or· 
rapondi", to the ocven larJ.ot eiceovaJuo;< of the ~
~ matriJ. ODd do I linear I.as .... quatel 6t 10 III< live 
 d.ot.l. wbich hod bcea similarly-prucessed (h.o.'Iina; re-
_ the ",un _ >lope. _ Ioigb-pow fi1t=d). FinoUy. 
we AIbtrac:t the ~ iii from the dIa. We CI<I do thi. 
benuoo the model ouI>tiw:u<l ..., """ .".,... .. Ied to !be iky 
.. pal. 
r.. Fow .... et II. (2010). 'ft _plod !be ti..--
fn)ll'l 400 H. II>:lOO!h. uai", _ timt--domain Iriaroplar m-. 
lid of the farm [O.2'llUOo.2Sl. n", ACT si ..... baDd(ratly 
3OH1 oo::cordina 10 Sec. J) iI...,lI.way from .... dow.....,.. 
pled f~ limiL """ IiDd IIuc """"-np~", doe> of· 
fea cbc II. ~ ..,..,mom .. ~ II> oeveq] ~ fur 
t >- 5OOQ. TIIi. IhouIcI be _y "",,,","'" for ""'"" _ i"'_ ....... -m ... "' ....... do:ri""" from ~
..... _ . 'ft obo IiDd 110M "'" SNR on point ......... iI 
2 .. bi,,&to<r fo< ...... <bnsaJnpkd 11lII(IO. ComeqlOClldy. 'ft do 
0(Jt ~ cbc __ in the raulll pacnICd bon. 
A .... 1ft """"'*" 11> .......... .,. II. (2010). we cony QUI one 
funbu oaqt in cbc ~ domoin: W"JdlIbe )(I" pDcli_ 
wlollllDCbsoopb& cbc ICr 1 ~J1 helm. ..., fiD;I dull. 10", 
po..,..· k¥el KaIIICY in IOIIIec IIoua. ..., _ dcIl wido 
the bulk ollho .....,. .... dln:aJy in .... Ii"", --. Tg 
do thiJ. we ... lim_",," """" iro .lkIo -..:eo ..., _ 
_ \heir 1Iouc< .. ....at. S;rnulotions """'" tbII_ 8""", 
.... typiedY ___ 1<>. few pctceOI. .. iIb sou:rce 8 ... I)'S-
u:aWi(:ally ~ br IppmAi ...... ly 4". We tII<:Jo 
oake d:I!:IIo _ au ... ond lIIJdd ....... clim:dy in .... lim< 
.....-.,.;.., "'" full ACr ....... ond nlIuKt the model fmm 
tile ti .... _ Wedo_1impIc _Iy ~i_ 
_ nIIP. ond add LI>is!(Jthe (mcJOIIy) 1OIJft'e-fia: muj"",,,, like-
lihood mop. WI: find II1II. ioJ ,;mo'I ....... Ihi, ; ................ 
""""" ft ........ !(J 1" KaIIaty." ,.bid> poi'" it iI RJbdominuI 
10 cbc calibnIiooo~. We"'"" Iddioo...l filteriJ!& in 
Iloo lim< ..... in. 
L 1.). Nt1W MDtIIdMoI 
Tbo ....... ~ io modekd ill boIh r .••• ,"".y _ Ii ... 
doeMjoo We~ •• _in __ .... *-. 
wi..towiq <Jllhc , .. __ 10 lOI<>OIIIIhol .... Il __ 
qllIo&l'<lmI (1-_ .. 1/1.....,. .......... 1~rinIi .... We 
Il!cn 1IOaI'C~ I'or~ 1ICroIJ!he daa b, ... ami"'", Iheo. 
.....arltIIU IIIIltKu. qilil • 4 H~ (t '" I~). We llrod III 
ei .. nvcclOflln a.. k>oI.~..,....;~ rntWi. with _. 
""pondl", cile ..... I ... """Ie, than ).,' !I~ tho modl.n 
(1110 el • • IM.l_ of ,"" daIa covari.,.,. mlub ..lo r 6 arell:. 
oq_ of the tom~D ............... IM ... 1 ..... IOthl. _ -
feJp<'lIIIb 10 ... • ....,U,,* of J.!l ti ......... .....un iIIlh& ~n'III 
_~ We ..... projon ..... ";p:1W«lOii out of Il1o. hop· 
fftquc:acy __ ~ -' opin find .. , ...... ' :10:. 
willi clpMoluci ..... _ 3.!i' 1in:o ........ III w .... 
...... hiP-fi 4 i ___ We 60d .... !IlI IIIIp _ 
.. ~--...., .... ~ ... ' M ...... ....... 
nil ""':f"'e typialIy "'';!'1I U III 10 ...... ", , CI'" 
-. _orr-: ,-.llocu..,ec 
GO •• , ......... 01 ... ' l ' __ ...,.. _ 
OIIIUIIIJ- F tlO ..... ~lc ..... _.,., .. __ 
___ doc: Im)'.""" ",".....--,' ' ..... They """"* 
tile , ...... bio,.;o. oldclenuo w. __ ....... ...... 
~ 10Di'".1Mod ~ '4* ...... by Ik _ t In 1!qN. 
Don "'1 . 'Thi. JWOjo(:tiOII_'bpOIodo 10 ......,."" 1IVIIIXi1O 
modn "'" of tile opptIIumat.::ly 600 nailible. 
WiLll .... wptJ <if tho l<J'I.y =lationo In hand, .... CIII 
UK thom to """","'Ie the de>C"PI;OO of tho nobt. We .,1"" 
r..,. tho """"wed Roode. ",,"","pondins 10 .... oI,.n_.,.. 
&nd oubIncIlh<m rrom .... time OIIn_ We !hen flouri •• 
InnIform ,Iw. (dIKom:_l ~ Ii_ ....... -.:I the 
....... a-a II\OdfII, 1..::1 .. ,odd _ ....... r..........." hi ... II 
... ~ loin. _ SoocI lilt naa&e ""'"'" in _~ ....... 
IDJ u- _ ..cI iD .... com:laIed ....... If die -... 
~.., ~ by lite eli ,eel ....... NI>o IM _ 
_ eI#U'''''u'''' __ bJ_ -u V nI 
dIioir <co, ; I. bioo·wioI< ... """"" by N •. "- 1M 
_-wi .. ~ ....... """'" ia.oi:loopty S,'"" S" ~ "Ny"' . 
I'-N, •• _by_-u ........ .... 
r......,. Ilia. Tbioo -'-'- .. be quickly ....... ..... 
\be $. WoocIuJ ..... 1I (Dl-. ( I!I44); _ I~ 
( 1989' I'or • .m-). If '"'" ~ 1100 Ii..., doa .......... 1a-
r-Uo ...... by W ..... doc Fowier tnnofomo opnlDr by 
f . '1ien ...... mti", aonc u.-.....x "'-..... 
" 
.. -.;p---..-I ' ,._ .... ;' ' .. ~ .. ~ bo::tco1 .. _..... .... ,oo:J.....,... carrlel 
... . , . 0I\be ..... 0InCWa oldie ....... 
()ooo funIoer doitfen:nc& raMi .. btl It ............ _ 
....... -..Iion.,.,., ... elaI.(1010). 1tm.1'or~".p oimt­
-... --.... __ we ft. far I .. ( ........... ) ...,.,uo..se If pII'I 
01 doe IIIIJI ooIution. ... 'W.cd "", far owmple. PMaocIoon 
eI 01. (2008). In addjoiofO UI atlf from cotmlc: 110)'1 and .he 
Ilkt, ... explicidy "", doc ftrM and laoI -.,nd of each TOO 
to Ii" lhe m.ppi ... 1aorillun doc freedom 10 malC h ,toe TOO 
btpnniDa ondend If ......oIhly .. ~Ib". 5i .... IheK data 
..., u..ty IoWoly OOwn.ma/ICcd by .... ' i .... doInain tapei'. 
tho oddilUuJ """"' .. 01 dauo 10M 110 oqil.ibIe. 
"'" ... 
I I ." /14"1' Solooriooo 
" 
ocaIes _Ier .... t • .lID) """= tho map is Iri&fIIJ .-
domi ....... IlJId simulatioos _ IIw Ibo ..... "fJ«:I ;. truly 
rqiici!>lt.. Fioally. "",.....- .... __ "'"I' by lIIIIl~pIy. 
ioIc the .... fillcn:d dill map wido III< apocIi_ window. Th 
.... (hi. prooedIIre. ""....,. 0lIl die r-.*f> pr<><:edurI: 011 
bach tte lUI <Ill&. and Ibt :eaI ..... willi • oj"''''Med ... p iII-
jccIcd ... to iL W. """pore !be diffe<eoa: of.!beoe I""" .... of. 
... 10 !he on,inal .olllll!ation. """.Mw .... raulti"l Ita<&-
fer funcIjon in fipre 11). At the \ow-pISI oaleof. t ~ 300, die 
_ ~ .1 ...... 10 o.~ """ npidIy become ItDbUos<d Ie> 
bcncr thin • put in 10' "" 1IDIlIcr ........ 
II .S. /If"" Il/wlJ'" <WI R-m 
The!aUlq ...... ~ and...,.. 013015.6 .... ' .. ""'>ky . 
......... bet........, 20'43'"' """ 7"n- ill rip "va&on""" 
-4~ 1 _ - 51:"2 in """liaoDm. A I<Dl of he map"""" 
mode: 0IIt ..... W rWl dawec. pi ... f ..... pa<Iial ........... las.-
in& d,d .. "",.ooM ....... 01 die daII fOIl noise CIIimIIion pov. 
F..adI "'"" is ....... ~ willi • hi! """ widI .... 
• ;;;; ......... 1M foll "" """l' pUeI of 1110 ...... 
• I ,~ 
" fUl~ 
'!s!.oo ~_. _ _ • . . _ • __ 
•• 
.. Io-.... r-l .. .--..--..-".--r..-.J , 
Fitu~ II IIIoM the ~f\ll 2008 ooutlIorn map, o ..... llid by 
conIW. . of. ;.o-.", .. iti";ty (35, ~ and M j>"..."minlJle). .. 
dilf=nt n:Jions of the map bIIft difJ<:m1Iinle&ralion ~",... 
no... KMitivitioo """" wmpuICd IISi", "'" IItImbcr d ..,.,. 
'*" per IlIliI ..... _ tho /Illite ..... ""1enI ~ Ii_ 
in DbIo l . W. """ !(II 2000 f'C(l iw.ri<Jno on thi ..... p 10 
........, tItooI it i. tnat,. ....... p:d, Iboup .. rno:ntioa«I "" &ad 
dill aD Jcitocc..,.... _ ..... ,.u .... in hr kwa PCO i_ 
.... 
R' .... 12 ........... ~.spo<:lnIm ~ for .... 
...... comparaIlO ~ -woo thady pobIisIIecI .. 
"""'let eI oL (2010) -' OM .. oJ. (2O l lb). 1100 ............. , 




We line MJy ~ the dIU from "'" 2008 ....... 
of ....... 'aD<m flOlll ACT, incl..tiq dIIII .. k<:lion, coJil:n.. 
.... pointiJIa. 11Odom""".~ ..... _ .~ 
tonDmir.aioa. 
~ doae in 200B yieJded • IOI.lI ~ .....ty 
l1H)b of CMB 0\II'Vey datal! '4SGHl.. di.."b.ucd ""' ....... 
._ -...;on OIripeo 00IIICfcd II doc:HIVIIioru .... 0" ond 
-53' . wi'" llJlpf01imoIdy UO oncI280 ........ degr= '""f'CC-
tiw:ly. Aflerdlll oeJrcbon. lheoboaYin& time _ mIuccd 10 
nearly 816 II. 00II of. poornliaI IOU he douwJo •• the """,. 
ber of ell'oa;,,<: deIoctnn -. 011 avenge ~3_ Cont>ininI 
oboctving time ond dottclOt poo-f(ll'1n&l>Ce. it yiddo • '''-' 
efIicienty of ].8". 11ICk.dina; the toDo 01 obo/:ning: limo! C1>'U 
colero;lar ti ..... the 0'0'UaI1 sySlem efficic:ocy .... I~". 
Tloe ....".,...bllCd noise;" ,he: doIa. whieb e.<dUlb the 01· 
,no:.p""k OI>tlUlli ...... is oIominaled by deIeacr ....... fit· 
_ 5 Hz _ ~JU. we found. IOlaI NET ~32pKI' 01 
,4SGHz. 1.0 Oiher ..-onIs. liven I h 0( oboen-Won p<f """"" 
<IqK:c. or , • 01 i""'l;rMioD per "1""'" arcmil>Ule. the: ooi .. 
....... Id be: ....... 32j<K mIlliJOule'. 
Tloe """,,1&locI ""'''' is dumlnaIcd at low f~ by 
ilIt 1I....,.pt.= and IIwmll drift. while II hiaha fm(uaI-
des elcctm....,.,.uc piolcup and m<cbankal vibntions..., the 
1arJ .... ~ 01' oom:Wcd noUe. Tloe f(lnner ore~· 
iud in freq""""y II)' JIO,.nw. power lows. equalinl the: deIee· 
lOr while noise ~. opflfOI i ...... ly 2 Hz. The: Ianer"""", 
up IOOiIIly .. namrw-hlillll <i,voal! emerging from the de\eo::iur 
" 
2000 Iter 
~"'. 11._ HOOI ""'" "' .... ___ .. ''''ll!, .lOOIOI>""-""I ..... XIOOPCO _ ""'_1 • • 111,. join rosiooo_ .... 
..... __ oM", _1 ~. ,.., .... &li'~'_ "' .. ...,....,.. _ .. _ ............ of ... _ . TIIo ......... _ Or'" """""" is 
llll~. ,2(1~' Oft! !)O) ..... _-.!y. "",..;0. I00I_. , .. ,. ...... 1 '· ' 'i" " ~ ... ..-.. ""' ...... bo<_ it_ opon<Jy _ ........ 
"'" _..,.. ""'" of "" .... ,. . .. __ I< ..... __ ...... ..,._ -a1111 (r' WId 7" In R.A .. '110 _ boo bam Ioi"'- "" __ '" d","" 
~ _ ..... _t ~ )(I(l . ',,"CMB ~_110 _ " "l'O, Thotol< ..... __ "' ..... """".,._ ....... ......." .... .... 
...... _ ...... ~ "'_ w_ ON _, _ """" .. ,_..-.,.(-" .. ..-.pO ...... ). n..p;"' ....... of ... pIOI.~ 
~ IIiU ,...ait>Io .. __ boil"' ..... _ ...... 5'/. , ....... 
" 
ACTCoII.bon"ion 
f'III. ' :. _ ___ of", 1000itz _"""'-1Iw 1lUI1'OJ __ ..... _ ~ .. _. at (:11.110) _ ....... 
(:II.III~). n. __ ....,....,.., ... .do _ "'-"""Dtl' 'Iooatld ""'". __ -.. ..... ".." "'-lIo)'. 01, (2(111). .... 
..- .,.1ho ""'" Ioort. "'" _--"- dOrI..t _ LIoIo ___ .. 10+00 • ". rr-___ . 
IU.. U2OOO) 
" FI<!, ,, _ _ bf.... ; __ ... N:r __ ))OII ...... srT_ ...... _ ..... oI .. "'J. Tholdlpoool_thoAC:f_ 
..... __ ...... _'I __ .... __ O .. ''''''Ol'<I<)OO, ..... __ ...... __ ... ICf_SPT_~...,._ 
.. _......,... i\lOoo _ ...... 5I'T __ (S<Oo/Iw .. .... :11111). _  .... Od _ " .. __ Ioet...,.,... 
" DDiIe. Tbeycan 011 bo .... 1ed .rom_. mocIef, oddod 10 (tA~8DA). ",bo:rc • ~ '" ICf .... Iy ... JOIl...--. dotI 
ach 6etcaorTOO. o.a IoIaIIIkd, \he)' _ be ... ~ P"I' ih II -' ....... . .. w .. orf. abo ........ "'*n'" 
mille map ................ '" 1M _ ill Ik ..... wlo """'- wil _hode I!C:r ........... 01 llipa rml .. ... 
k.oqIir-l "'" ..,...,. ~ _ . "'.~ ' ..... U_.,. ........ ;., 
The dog P"""""i"C ~ b ""'" ~ _ be _ AC.T'I ......"n..I1lript _ -.. _ «hu IJb. 
riacd , . foIlowI: no. ..... oipIIlIMI ~ ach _ io 
_-.d IUp:Cbeo willi ...... .-..y-.;o.. oIopt Kf(8 ... 
1S. __ ..... a ......... -.I." 1m aNI timt..,. 
_~.., ...... (M' Jj ..... f9). ".,., I p&-
.o b 1 .... .-........ CIIIlbrorion 0IId,.....,. ....... an: 
oppIled (_ flO. 11 ud In "fWtt ..... 7 Ift"OD'IIpuIed dart 
__ de-p"" ocled 1'Iono-" __ TOO (_ III ond 
~ A ). 8et(ft mil) .-;.,. Ibo tlpetUd .,uI frono 
Il1o bnPl poilll _ II ............ ""'" the ~ ..... _ . 
n-........... .., ..... b)' .,;..u. ..... r ......... 1IOix IIIDIid 
III'bic:b iKlooda coo.".'d ..-. ellIS (1IiWI .. !iIK_) 
ud II : .. , dtp::i~. dtIaiIood ill 111. ". itdoK 
twiDt. wicIo ___ ofcho ... ,t= cd rn. ...... b0-
Jen~""" eOIi.....,. .... q eel ia Ihc IICCOIOd ""'PP"' 
__ n .. y . ... 1 ... ,..., ..... _ .. ,, ' 1 .,. .. :.-...1 
io~ .1 dlO ..... ,...---. ... _&45.6 ..... 
0II1Ioe ok)' -' ... _ willi WMAP" ......... ..,u,s 
_,."s in "", .. 1OiL 
Tho __ of !he ...,. t'O¥fttd b)' ~ "'"Po _ ott-
~ to,< Iloc $ooIdI PI>Io nleocope (SPT') ram. who hi ... 
_tIy .... d><:ir dQ public (ScII.off ... aI. 2011). Fil-
.... 13 pmvidea "_ h) JIdo CQlllpori_ hot",...., the ACT 
mop &"111 tbo SPT map (or lila lime rcatoo of II!. ok, and LIt-
inA: tho .. me fil.cri","Jed In 1M sP'f ",leate. , ..... """",I&-
,ion bctwceo e MB (COIUIn In tho: tWO mapo Ii cloar to tho 
eye, .. ppJ<!i1\l "'" "",,11m! qw.lil1 ot boo:h ........... nIaIlJ. 
b if. • ..., c'" dIoollhe ICr .... 11 0l0I_ , ......... SPT map. 
.. bidI wi. lmpn>oe 1m 1'uI..., ""'P "'_ ..t.ao dMa """'!he 
1oI~ aherri .. -=- (f .... yan lOO9l11d 2010).., 
...... 
Sky ..... b Ibo 141 GlhlCf ............. .--from. 
2001, Jo.:ribed ill ... ~, .......... ~ NASA', 
~ Aldi ... for Mic'OWI" BackafWIId Dora ....... ysio 
...... 1* ... 
"""""" 
:IoCOOE SEUCTIO~ AND REMOVAL 
CoIY.Iuninont ........ ~u!be .~ _ .y.-.aric oi,..m. produoI COITtlMiou bel...,.., ~ TOIlL ~ .. IhiI 
~ ....... iI l lIIPOf\&IIl few buill nIOP 1IIIOId., _ ... cloaJacbizlliooo. 10 we ......... 1lIiI oppeodi.o. 10 .. pili_ how ... iI 
dorIec b _ d<cail. 
A cclllllli_ ...,. can be IIIOdtW II Iii ... _ oupcri...,.....ol "" tile l"Ol)t, r.- • ""' ol i~ .... ( ... , ( __ 
"IDIIt~ W. call'" tiMe _. ¥ ...... .,. 4141110,~ 0.. WIY 10 aci_ iI; iI ..... _ 'PP'''''' IiDcor : . vi 
do&ec:c(. . TODo. For __ tile .... _ -.do. ckfiDaI II • Ii..- ... :bi:0IIiG0 .... eq:ooI....op:; ",".1 ....". TODo. .. I 
..... ~.--", .. W4B15~t ~ . ...... Ot. ' .... aIIm:,~1"OOf_co" ol_"-bJ __ A . ... 
DOCTdue:I ... ill ell be OJ 1 .. 
(A I) 
..--, ill _oIl11il ... .,.,.,..~ . ,:X_ ...."..... of .. W--*" ..... ..:I. ~ Ibo'" 
10 iI;...., hoi .............. We Onh.be .... __ ...... -'-IIIoJ'- aIny-s.......ai ...... 
o.:c ........... """'" tw.1Ita idaM'!Iotd. ;. CP be Ii:l:Od __ f_Ih:::IaIa: 
(.1.1) 
w~ .... • Ito ron.1NC4 ...,..1 ..... mfI<Ico :III 1ft Olhtr WIO)'I boiideo "'" Ii .... ' a>mbi"';"- in Ilq. Al (fur """"'ple. f4"l;rft • 
i.hem><m::cry ri .... ouum). and ill cI!Ia taIIlM rihI oqu..o.Iil)' in I!q. A2 ..... be: u:I<d diretlly ......... ....." :he ..-..I equaWly. 
One : on idcnIlfy irnpt11W14. _lwcd mocIeIlIIi", Ihe .. "' ..................... ,opotiticon (SVO) oIlhe mmi. A: 
" .. USV' , ,,,, 
... 1>= the cokol1lllli of U CIII be idenlift ... II """"""zed correloled ono:Ioe:o " S i •• diqonal......n • ..",..;n;n, die """"lor .. iucI 
of A (idenrilied OS Iho nonna~zalion flltlOr. '. i. Equooi<l<> A I), and the wI"",~ of V ""' ... ri&cn...aors of \be _I.rionce 
rrwril AT A (jdtaificd u .....,..,.. t in f!quotioa A I). ,... SVO <IIOdo ~ <:ad be tailon>d 10 lopOC:ilic lignah by ftnI: Andin, 
the c:o:nmo;JO modo fmm .uils(ts d dclcclO< TOo.. ond theoI opplyina Ibe preon.u motbod II) lind !tao """" ... oond.1<d IIOndes 
..... of tIIi, raluce:I .... cf mod ... Fat eumpIe, 10 find IIIOdes IbM "'" man: likely'" corn:la\e ift !'Oft, "'" fi .... flnd the """"""'" 
...... fn>1l'l.n delcaof TOO. in e8CII f'O'III (32 f'O'III com""", onodeo in IOUJ). ODd...,k them 1QgCIber ... collom .... of I matriJ. ,,-. 
n.c It:oo\l<" ....,.;b""' .... ..,.,[ily fOlUld -.. SVO. ThiJ II>Clhod ;. "",fullO icIenlifJ f'O'III . and C<>iIl!llll-com:I. 1ed modea...d 
M>-~e rnod<$ froon Iho almospI>=. F<w the lallcr. "'" diWk Iho amy it)IO 16 "'I"ll"C b\ocks. ftndin.l the com""" modo 
In ...,., .... be((JrC Ipplyin,& me SVO. w. oaU !tao .... '" I!I)dM fOOllld dolo .....,. . "mulb..oomnoon """"'.M 
An i"'l"'flalll coruidoraUon .. boll""", moda _iNd from UllOM c:ombiflMm of U ..... doIoc..,.. ;1 tbat ttaoy IW ail<> oorre-
Iat<d '" the >ky lif'."l r", example. ......... Iy """"";nc tloo com""", ....,... tffettl",ly filtero1loe1lk1. doJ""6Sin& ..-1arJtt l!Ian 
the omy li>IC (24 or t -S 4SO). N _ _ Uy. tho effe<:l io.......,. for tho .... Iti<Otll""'" mode, whidI 611tt11C1lcolaqa than. 
"""'" ~r tbe arroy (6' <I" t oS 18(0). Fot ..... _. 1M _lti-wmrroln modo is .- 10 colc\l'-e the drifl CITtO'. but i, ......... be 
naiod)" ~m<Wcd for mdIna nIOpI. ..,.. CIII .-y 01"" onodo _ from U'" ' h .. 
In Section II the """"""*" way of proj<cti", mode, 0lIl '" lbe dMa is iii"",""", j.\be conI.Xl of IJIlfI mU • .., . 
.0. .. /oIiW Ifo.....t 
"The ___ ~ the _ ...-.., .. the 1M dec""",,"". '" they """ capture . y$lnl>Oliet til:< thermal drin. c~· 
netic p:ckup ODd mqnc:tic pick ..... Moreover .... Oq .. not OOI.Ipled 10 Ibe apticalllignal. con ...... 1IlOde. otained r ...... d.adI: 
dotc<:l()~ (daft 1IIOdes) em be .. fely ",onoYCd .. "I ............... !lep bef(JrC .....a. mopl. Fot tlUlpk. 1M IknnaI drift ;. wdJ 
~ by the luw'poU-n l~ """"""" """'" of.lbe dan dec"""",. 
For f'O'III. ond <:OiuJnrI.oorn:Wed e~ oignab. .. obilily '0 idenbfy .,.....l1li"" II"IOdeJ ~ "" whedo:l" tK 
IItlired .- or ""Ium" of the &mIy oontaiD! I womoa dark doteaor. "The &mIY dcaip "'" Qne daR detector per coIlIIIIR, 
01_)" i. the ..... row. TbiJ io ideal r", idetttif}i", coIumn-com:loled modes, but not ror ..... -com:Jw _. !'or the 10_ 
w< mlUl n:lyOll lIN: _ ... JM, cIoIeclQr. wilb. properIy..-otting ~ ";I'<"UJ~ ... deoaibed in 110. Ne-.udcka, the ..... • 
and colu .............. cd _ CIII "'U be identiliord by ...... SVD onaIJ$iI.-r au dark dno<:oon. NOIe that ;\ io _fulro 6rrt 
rum ... the IoIow IbcnnaI drill from 1100 dark deleclcn bcfIn Ir)'i"ll to ftnd lIae Oller hith<r fieqIcDo:y ';anal •. FiIJft 7 ibowl 
.. oumplc cJ ~ matrl<eo bcfIn tnd Iflu 1Ilv;.,: IWOJ .... tho dati< ....,...., NOIC ,hlI bOIh column and f'O'III oondotiono 
.... ~lIcom.ly....... • ... after the ",.,.,...1. 
